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AUTHOR's PREFACE. 


N this Second Edition of the Elements of 
Natural Philoſophy, Fhave kept in view 
the remarks, which were made laſt year, 
1753, on the firſt edition; *eitheby-the au- 
thors of the Literary Intelligence of Gottingen, 
or by a perſon of eminence in London, who 
is pleaſed to honour me with his patronage, 
and whoſe zeal and regard for the advance- 
ment of natural knowledge, have often. put 
me on making a variety of inquiries into 
phyſical ſubjects. And the more grounded 
theſe remarks, the more pleaſed have I un- 
dertaken to make the ainenUments pointed 
out by them. 
The original partition I the elements into 
five heads of ſcience or doctrine I have re- 
tained; as agreeably thereto, the doctrine of 
bodies may be explained with a good degree 
of order and diſtinctneſs: Nor have I omit- 
ted any one of the heads formerly explained. 
And I have alſo kept to the order they ſtood 
in, in the former edition, bating in two par- 
ticular inſtances. Where, firſt, J have added, 
„ A under 


e E. 
vnder the title of The etghth Part, from the 
doctrine of ſolid bodies, in regard to what 
they have in common with | fluids, ſome 
chapters to the doctrine of fluid bodies, this 
tranſpoſition ſerving me for a commodious 
diviſion. Secondly, I have ranged in a dif- 
ferent manner the ſeveral heads, which pro- 
perly come under the doctrine of ſolid bo- 
dies. The doctrine itſelf is compriſed in 
three parts. In the firſt I treat of the earth. 
In the ſecond, of the ſun: and in the third, 
of the other celeſtial bodies. The firſt part 
conſiſts of four ſections. And firſt, under 
the head of the earth, I come to take a view 
of what conſtitutes it a mundane body. Se- 

condly, of the viſible and conſtituent parts of 
the earth. Thirdly, of its atmoſphere. And 
fourthly, of animated bodies. In the firſt 
edition not only was this diviſion wanting, 
but alſo the conſideration of animated bodies 
preceded that of the earth, ſun and other 
heavenly bodies. The luminous phenomena 
of the atmoſphere were in the firſt edition 
explained in the doctrine of ſolid bodies, un- 
der the title of what ſolids have in common 
ith fluids, But in the preſent edition ex- 
plained, 


POW of in Fro firſt part of this e in 
the fifth chapter of the third ſection, e 
Of the atmoſphere of the earth. 

Beſides theſe alterations, which barely re- 
gard the external form or diſpoſition of the 
book, I have made ſeveral additions: As, in 
the doctrine of the forces, with which bodies 
act on each other, I have enlarged the chap- 
ters, that treat on the mutual connection of 
bodies, on the preſſure of fluids, on elaſticity, 
and on the central forces. In the doQrine 
of fluids I have given an account of the prin- 
cipal air-pumps, deſcribed a compreſſing- 
machine; anſwered ſome objections made to 
the preſſure of the air; inſerted a circum- 
ſtantial deſcription of the moſt remarkable 
thermometers, together with the rules, how 
to compare their degrees with each other; 
examined the queſtion, whether fire be a 
peculiar ſpecies of matter; explained the 
properties of vapours, the nature of the con- 
ſtituent parts of water, and the effects and 
force thereof in freezing, in ſolutions, in fire 
and in ſpungy bodies; made an enquiry into 
the fluidity of quickſilver; and attempted to 
| explain the properties of the electrical matter, 

A 2 e and 
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and the nature of its operations. 'To the 
doctrine of ſolids-I have alſo made ſome ad- 
ditions; as for inſtance, with regard to the 
ductility of gold and ſilver; the properties of 
earth in particular, the reſolution of gold by 
the ſolar fire; the origin of ſprings, and the 
generation of thunder and lightening from 
the electrical matter of the air. And laſtly, 
in the doctrine of the ſyſtem of the world 1 
have enquired into what the æther may con- 
tribute to the firmneſs of bodies. 


CORRICENDA in vor. I. 


P 63, 1. 14, read and inflating. p. 80, I. 16, for line read 

* fine. p. 83, 1.9, and 1. 19, for inciſions read rolls. p. 
123, I. 8, from the bottom after external, read air. p. 138, 

I. 15, for pure rad more, p. 158, I. antepenult. and penult. 
dele the, p. 159, I. 9, read thermometer made after Deh/e's. 
ib, for which were adjuſted by, read the. p. 165, l. 4, for 
place read ſpace. p. 194, I. antepenult. dele 8. p. 209, l. 2, 
for (melting of iron read melting of ice. p. 223, |. laſt dele - 7 
and, p. 234, I. 5, from the bottom read falls. p. 294, I. 10. 
from the bottom adele it. p. 306, 1. 1, read encaſed. p. 315, 


J. 7, from the bottom read will A therefore, p. 327, I. 5, 
rea otherwiſe ina, of other. | 
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NATURAL PHILOSOPHY, | 


The Notion of Natural Philoſophy. 
8. 5 | 


1. I ! -< 8 A HYSICKS, or Natural. Philoſophy is 
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7 the ſcience of the forces, and proper- 


Wel viſible world. 


either 1. what they own of themſelves, without 


E- 
Which they otherwiſe refuſe. This latter Way 
I Pe knowledge we call experiment : The former 
1 Vor. I. 15 „ R fimply 


Ad ties of the bodies, that conſtitute the 


F. 2. By the ſenſes we attain the ee 
f bodies in a twofold manner. We obſerve 


at ing put to the queſtion. Or 2. what, on be- 
Ws put to the queſtion, they are made to own; 


aAſords that knowledge of bodies, we call natu- 


for inveſtigating which we require certain gene- 
ral propoſitions; abſtracted partly by experience 


tartar per deliquium, ſpirits of wine, and diſtilled j | 


Other in the order we now mentioned them 
And tho? jumbled together, ſoon recover thei 


of NATURAL PHILOSOPHY. 
firoply esprrience, and attainable either with, or 
without art, As well experience as experiment 


ral hiſtory, as exhibiting the facts of the corpo- 
real world. 

$. 3. The effects, which we diflinguiſh in 
bodies by the ſenſes, ariſe from certain cauſes, 


from individual bodies; or partly borrowed 
from metaphyſicks, which contains the firſt 
principles of all human knowledge; and princi- 
pally from mathematics. How we come to | 
general propoſitions, and thoſe of ſervice in 
natural philoſophy, baron Wolfus has ſhewn in 
his Uſeful Experiments, P. 1. F. 17. by that ex- 3 | 
periment, formerly deſigned to exhibit the four | A 
elements by. On putting iron filings into af 
glaſs, and pouring on them ſucceſſively oil of | 5 


oil of petrol; they remain ſtanding above eacl 


order again if not further diſturbed, By at- 
tending to which, we learn the following truths: 
viz. That petrol is lighter than ſpirits of wine, 
and ſtill lighter than oil of tartar per deliquium: 
That petrol refuſes mixing with ſpirits of win: 
and cil of tartar: 1 hat there are fluid matters, 


Of NaTuraL PniLosoPHY, 

refuſing mutually to mix, tho' heavier one than 
the other; and that thus the lighter always re- 
main ſtanding above the heavier. On jumbling 
together fluid matters "that refuſe to mix, they 
again ſeparate by their gravity alone, and this 
act of ſeparation happens ſo much the quicker 


5 7 | the more the matters refuſe to mix, and the 
e greater their difference of gravity. For, we ob- 
1 cerve firſt the petrol, then the ſpirits of wine, 
+ and laſt of all, the oil of tartar per deliquium 


fully to ſeparate. In this act of ſeparating, as 


5 well the heavier fluid deſcends, as the lighter 
in aſcends. For any of the petrol remaining be- 
u hind among the ſpirits of wine in the oil of tar- 
4 3 tar, riſes thro' the ſpirits of wine up to the other 
dur petrol. The ſcience of the cauſes of corporeal 
5 : things is called the dogmatical, but the know- 
1 of! ledge of the forces and affections of bodies by 
led experiments, the gene phyſi ks, or philoſo- 
each 7 55 | ; : LOT SHE ER 
$. 4. All changes in bodies ariſe from motion: 
3 Motion ariſes from certain forces, by which 
. one body acts on another. Bodies are either 


fluid or ſolid. All fluid and ſolid bodies ſtand 
together in a certain mutual connection, by 
which they conſtitute the viſible world. Theſe 


are the principal points to be explained 1 in natu- 
ral philoſophy. 


M MOTION. 


The DocrRI NE of MorloN. 


1 


The firſt PRoPOSITIONS of Morron. 


F. 5- EREBY it is, that the parts of a 

| body come to hang together, or 
cohere, when they act * ſtrong on each 
other. 7 7 
$. 6. As hae is pothing: i in a body to pro- | x 
pel it in any certain direction; its motion, on 
quitting its place, ariſes from an external cauſe. 
§. 7. But to bring a body into motion, the 
whole of its reſiſtance muſt be overcome; that 
is, its tendency to continue in a ſtate of reſt 
muſt be weaker than the tendency of the exter- 
nal cauſe to bring it into motion. 

8.8. In ſo far as a body A ſeeks to over- 
| come the reſiſtance of another B, ſo far A acts 
on B. What B by the reſiſtance acts on A, is 
called the reaZion. . Now as B only acts on A, 
juſt as A acts on B, = action and reaction muſt 
be mutually equal. And therefore the ſtronger 
that A acts on B, the ſtronger the reaction of B. 
A heavy ball lying on an even ſurface, may be 
4 5 | put 


Of MOTION. 


© | put i in motion by_gently pulling at a thread tied 

to it. Whereas it remains at reſt, and the thread 
maps or breaks, on giving a ſmart and quick 
pull. By the gentle pull you only act on, and 
overcome the weight of the ball; but by the 
& ſmart and quick jerk, on what, beſides its 
E weight, accrues to the ball, and exceeds the co- 
heſion of the parts of the thread, And thus a 
body B ſtanding connected with a body C; a 
body A acting on B, and having no force 


W than is the reaction of the body B; none of the 


body C. Lay for inſtance, a quite ſmooth plane 
Mof glaſs on a ſmooth, horizontal, unyielding 
ſurface, and on the plane of glaſs, ſome leaves 
of a ſoft paper, and on theſe a flat and thick 
iron plate; and you may ftrike with a hammer 
on the plate, and the glaſs plane not break. 

FS. 9. Each ſeveral action, whereby a body is 
put in motion, communicates a certain degree 
of velocity to it; by which in a certain time it 
Neſcribes a certain line, called the line of direc- 


1 13 . jon. | 

A, | §. 10. And thus a body moving by one 
nuſt ſingle action, and in its motion ſubject to no 
nger change from any external cauſe, goes conſtantly 
ff B. en in the ſame direction, with the ſame degree 


Jof velocity. And as a body at reſt, continues in 
1 that 


whereby in general to produce a greater actian 


action of the body A will be obſerved on the 


* * 

ä — 
r 
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therein. The force by which a body at reſt, 


to continue in its ſtate of reſt. That force by 


of reſt, or of motion, is called the inertia, or vis i 
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of MOTION. 


that ſtate, till brought out of it by an external 
cauſe, $. 6; ſo a body in motion continues 
its acquired velocity in one and the ſame man- 
ner, till an external cauſe produce a change 


ſeeks to perſevere in its ſtate of reſt, is not loſt, 
while put in motion by another body: But nei- 
ther receives it from the moving body any ac- 
tual force which the moving body loſt, to con- 
tinue in motion. And thus a body in motion, 
and undiſturbed therein, continues its acquired 
motion by that very force, by which it ſought 


which a body ſeeks to remain in its ſtate, either 


inerliæ. And thus we come to learn to diſtin- 
guiſh between body and ſoul. For, by the force 
or faculty of thinking, the ſoul has a conſtant 
tendency to change its ſtate : which we cannot 
aſcribe to the body, as being incapable of two 
contradictory properties at one and the ſame 
time. This diſtinction between ſoul and body 
profeſſor Euler has plainly ſhewn in his Enodgtio 
queſtionis, utrum materiæ facultas cogitandi tribui 
Poffit, nec ne? Ex principiis mechanicis petita. 


CHAP. 


o MOTION. 


8 D 185 De 


SHA U. 
The general Kinds of Fox ces and Morzons. 


$. 11. \HAT from which, the action: of 
one body on the other ariſes, 'is 
called a force. If the ation be with motion, the 
force is called living, or an impulſe: If without 
motion, dead, of a preſſion. To preſſion and 
impulſe of a certain magnitude, a certain power 
is aſcribed: But which, as being proportional 
to the force, has e the name a of the 
force. 

BE -- Motion is divided into © Bikgll and 
| compound; uniform and variable. In the uni- 
form motion, the body ever retains the ſame 
degree of velocity. In the variable, it is ever 
changing. The velocity is the ſame, when in 
| equal times equal ſpaces are deſcribed. A fim- _ 
ple motion is produced by a fingle force, acting 
in the ſame direction. But a compotitid motion 
| by two oppoſite, or by two conſpiring forces, 
acting in different lines. For inſtance, fig. 1. 
| plate 1. in AE and AF, which include an 
angle E A F, called the angle of direction. 
F. 13. A body impelled by two conſpiring 
1 forces, whoſe velocities are to each other, as the 
T7 4. lines 


of MOTION. 


| lines of direction, takes the middle way, the dia- 
gonal to a parallelogram, between theſe lines, 


plate 1. fig. 1. In the parallelogram A E F G,. 
ſuppoſe the line A CF to move to B D H, in 


the time that the body comes from A to C: at 
the end of this time the body comes to be in D. 

Further, ſuppoſe the line B DH to move to EG, 
in the time that the body comes from D to 


H; at the end of this time the body comes to 


be in G; and thus has deſcribed the diagonal 
A D G. And in this manner a ſhip goes up the 
ſtream, when drawn on each fide of it, by men 


or by cattle. In this compound motion the 
body thus deſcribes the diagonal A G in the 


ſame time it would have deſcribed one of the 


ſides AE or AF apart. And if the compound 


motion continues the ſame, the velocity ariſing 


from the conſpiring forces, is to that produced 


by one of them, as the diagonal A G to the ſide 
AE or A F, in which a ſingle force acts. Gra- 


veſande in his Elementa Phyfices Mathematica, 


F. 191, and the Abbe Nollet in his Legons de 


phyſique experimentale, T. II. Legon V. have de- 


ſcribed machines for explaining compound mo- - | 
tions by. Take, for inſtance, a ſquare board, plate | 
k. fig. 1. and placing it vertical, faſten a-top 


from A to E a ſquare rod of metal, on which a 
pulley may be drawn from E to A. Round the 
pulley a thread is ſlung, tied at one end to the 

nail, 
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nail, - which f | 
other end of the reps: : way ee When 
the pulley comes from E to A, the other end, 

at which the weight hangs, reaches to A. And 
while the pulley is drawing, from E to A, the 
weight continues to riſe, the thread being faſt at 


The faſtening of the thread at E is to be conſi- 
dered as the force, by which the weight is to be 


the pulley is drawn from E to A, it has a di- 
rection towards GF. So that the weight goes 
along the diagonal GA. Or, on one end of a 
board, placed horizontal, ſet a frame, on whole 
upper croſs beam two wings, like thoſe of a door, 


: | wind at pleaſure. The under rim of each wing 
b | exhibits an arch of a circle, divided into degrees. 
| Above at each wing a hammer hanging perpen- 
dicularly downwards, is fixed, which may be 


under rim of the wing. Both wings are fo 
I | placed, as that both hammers in the time they 
come to their perpendicular poſition in two lines 
of direction, that interſect each other, ſtrike at 
the ſame time againſt an ivory ball, lying on 
dle board. And the ball directly takes its courſe 
e "0 | along the middle line between the ſaid two lines. 
of; direction. 


E, and drawn along the length of the rod EBA. 


: 


drawn up from G to E: But by the force whereby 


are ſecured with ſcrews, but ſo as to turn and 


pulled up; and falling back, ſweeps along the 


8. 


10 


either compound, or may be conſidered as ſuch; 


in regard a parallelogram may be deſcribed | 
about any right line. 


of heightening the Foxces by Machines. 
„ A F ORCE i is heightened or increaſed, 


by their gravity exert a force, in ſo far they | 5 
have weight, © © == 


of MOTION. ” 
$. 14. With reſpeck to the lines in which a 
body moves, motion is either rectilinear or cur- 4 | 
vilinear. This laſt is produced by conſpiring | | 
forces, and therefore compound: The firſt is 


CHAP. III. 


when made capable of performing 4 
more than it naturally can of itſelf; and thus 
either effect in a certain time as much as a 
greater force in a like time; or, do ſomething i 
more in a ſhorter time than otherwiſe it is 28252 ; 
ble of. f 

§. 16. A machine by which a force may 3. q 
increaſed, is a body in which three points come | 
to be conſidered. On one of them the bedy | ; 
reſts; but at both the others, the power and 
weight are applied. A body has weight, in o | N 
far as with its gravity it withſtands the force of 
another. And in ſo far as weight and power 


4 917 
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4 17. By gravity a body is impelled to the 
centre of another in a perpendicular line, drawn 
from the point of a body, dividing it into two 


gravity. The manner of determining which in 
the ſeveral kinds of bodies, Baron Wolfius ſhews 
in his Elementa Mecbanicæ, F. 158—191. 
F. 18. Among the heightening machines the 
leaver ranks firſt, conſiſting. of an inflexible 
line, ABC fig. 2. plate 1. which reſts in ſuch 
a manner on the point B, as that both the parts 
AB and BC weigh equal: But at the other 
two points A and C the weight G and power F 
WE «ce applica. 
F. 19. As the lines of direction A CH. 
in which power and weight act, are perpendicu- 
lar, $. 17. The diſtances of weight and power 
from the centre of motion, or fulcrum B, are 
eſtimated by the perpendicular lines BA and 
BC, which may be drawn from the fulcrum B 


of the leaver to the lines of direction AI and 
CH. 


0 | which the leaver conſiſts, the leaver is divided 
into the refilinear and curvilinear: And with 
regard to the fulcrum, into the heterodromous, 
on and bomodromous leaver. In the Heterodromous, 
cor leaver of the firſt kind, the fulcrum B ſtands 
7 | between the Fel of * and power. In 

; the 


parts of equal weight, and called the centre of 


$. 20. With 1 to the inflexible line, of 


2 
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the homodromous, or leaver of the ſecond and 
third kinds, without ſide both theſe points. A 


full explication of the curvilinear leaver, M. 


George Frederick Barman, has given in his Diſſer- 
tatio Mathematica de Vefibus curvilineis, pu On 


in 1737. 


$. 21. In the heterodromous leaver the power 


F and weight G are of equal weight, when 
the power F is to the weight G, inverſely as 
the diſtance AB of the weight to the diſtance 


BC of the power, fig. 2. plate 1: For the lines 


CH and AJ, in which power and weight have 
2 conatus to fall, paſs thro? the centre of their 
gravity. And thus as well power as weight acts 
to right and left with equal weights. Suppoſing 
F to be one pound, it acts equally ſtrong from 
7 to 6 and 8: Suppoſe G to be three pounds, it 
acts with three half pounds from A to 6, and 
with three half pounds from A to E. From E. 


| to B are four equal parts, and from D to B alſo 


four equal parts. Now as power and weight, 
by means of the leaver, unite their effects in the 
fulcrum B, they are both together to be conſi- 
dered as one body KL, which reſts in the cen- 
tre of gravity M, and weighs equally both to 

right and left. As weight and power unite their 


effect, that is, their gravity in the fulcrum, this 


laſt is called the common centre of gravity. 
And ſeeing F: G:: AB: BC, by the rule of 
four 


- 
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four geometrical proportionals, the product of F 
and B C is equal to that of G and A B. Now 
F is the power, and BC its diſtance from the 
| fulcrum B; and G the weight, and A B its 
diſtance from the ſame point or fulcrum. And 
thus the forces of bodies, that weigh equally at 


XX maſſes into the diſtances from the fulcrum ; this 
product is uſually called the momentum of the 
weights. = 


mous Jeaver are to each other inverſely as their 
diſtances B 6 and B 5 from the fulcrum. Let 
AB = B z, and B 6 2B 5: Hang on two 
pounds in A, and in 5 two pounds alſo: And 


leaver is at reſt, F. 21. Now the two pound 
& power at 5 is to the one pound at 6, as the 
; | double diſtance B 6 is to the ſingle B5. 

Ss $. 23. And thus in the homodromous lea- 
ver the weight is to the power, inverſely as the 
diſtance. of the power to the diſtance of the 
weight, fig. 2. plate 1. Taking B for the point 
of motion or fulcrum of the leaver, one of ei- 


weight, ſuſtained by the other. Now as the 
fulcrum B ſtands without the points 5 and 6, 
jat which power and weight are applied: So is 
ET 85 | the 


a leaver, are eſtimated by the product of their 


§. 22. Two forces at 5 and 6 on a heterodro- 


& thus the leaver ſtands at reſt, Hang in A two 
pounds, and in 6 one pound: and thus too the 


ther powers at 5 and 6 may be conſidered as a 
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Of MOTI O N. 
the leaver, at which they hang, homodromous, 
§. 20. | 
§. 24. As the leaver is not reſolvable into 
other machines, it ranks among the ſimple kind, 
and that as the firſt; the ſecond place the pulley 
takes; the third the wheel; the fourth the ſcrew; 


the fifth the wedge. But theſe four ſimple ma- 
- Chines are only heterodromous leavers, in which 


the centre of motion, and the points of power 


and weight, on account of the different circum- 
ſtances, ſtrike not the eye ſo diſtinctly as in the 


leaver; which is repreſented ſimply as a bare 


line with thoſe three mentioned points, The 


pulley fig. 8. plate 2. is a circle or ſheeve B F 
AEL, about which goes. a rope, at which | 


weight and power may be applied. At C is the 


centre of motion of the ſheeve. At the one end 


A the power acts; at the other B the weight. 
So that the line BCA exhibits a heterodromous 
leaver. But as the points A and B are equidiſ- 
tant from the centre C, ſo in order to ſuſtain the 
weight in a ſingle pulley, a power equal thereto 
is neceſſary. But if on the other hand a number 


of pulleys be combined in ſuch a manner, as 


that the effect of the weight is divided or ſhared 1 
out by the rope drawn about them; the dil- 
tance of the power increaſes with the number of 
the pulleys: And thus the power is increaſed, 
which it is not in the . pulley. Such a 
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Of MOTION. 15 
combination of pulleys is called a poly/paſtus, 
or a tackle of pulleys. A wheel is a circle 
E AFBLE faſtened on an axis IGH, which 
at the ſame time with the axis may be moved 
round their common centre C, fig. 8. plate 2. 
If the weight is applied to the axis at the point 
| G, and the power to the wheel at the point B, 
power and weight act on each other by means 
of a heterodromous leaver; and thus the power 
at Bis to the weight at G, as the radius of the 
| axes CG to the radius of the wheel B C. For, 
that is the diſtance of the weight, and zhis the 
| diſtance of the power from the centre C. The 
| greater, therefore, the radius of the wheel, the 
leſs power is requiſite for one and the ſame 
weight. But if the weight at the wheel, and the 
| power be brought nearer the centre; when, for 
| inſtance, a wheel is turned by a crank, the 
power to be applied, muſt be greater than the 
| weight to be moved. If ſeveral wheels are com- 
| bined together, ſo as that one always plays in, 
or takes another, and the weight is applied to 
| the axis of the laſt wheel, and the power to the 
firſt wheel; power and weight are in the com- 
pound inverſe ratio of the radii of the axes, and 
of the radii of the wheels: Or, the power is to 
| the weight inverſely as the product of the radii 
of the axes to the product of the radii of the 
wheels. Suppoſe three wheels, and at the axis of | 
the . 


(fy 4 
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the laſt 6000 pounds are hung ; and ſuppoſe the 


radius of this third wheel to be to the radius of 


its axes, as 6 to 1. Now in order only to ſuſtain 


the 6oool]b. by this third wheel, a power of 


1000 lb. would be neceſſary. For, 6: 1:: 6000: 


1000: and thus the ſecond wheel has 1000 lb. 


to ſuſtain. If its radius is to that of its axis, as 


10 to 1, you need only apply to the ſecond 
whe! a power of 1001b. For, 10: 1: : 1000: 


And thus you have to ſuſtain with the 
* ales only a weight of 100lb. And if its 


radius is to that of its axis, as 10 to 1, the firſt 
wheel requires only a power of 101b. For, 10: 
1: 100: : 10. And this very reckoning comes 
out, on multiplying the radii of the wheels and 
alſo the radii of the axes together; the product 
of the ſaid radii of the wheels being 600, and 
the product of thoſe of the axes being 1: and 
therefore 600: 1: : 000 10. Or, It 600 406 


6000. 
Wedge and ſcrew. are. . inclined planes: On. 


ag in order to ſuſtain a weight, the power 
muſt be to the weight, as the height of the plane 
AB to the length BC fig. 9. plate 1. Power 


and weight act on the inclined plane againſt 


each other juſt as at a leaver. In order to ex- - 
plain this, fig. 1. plate 1. may ſerve. If the 


weight be drawn from G to A, and there ſuſ- 


- tained, it is the very ſame thing as if it were in 


E, 
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E, and ſuſtained by a power acting in the li line 


EA. For, every where in the horizontal line 

FH & it may have its centre of motion. Now 
as in E it is as diſtant from that line as in- A; 
ſo EG is the diſtance of the weight from the 


centre of motion G. The line A E, in which 
the power acts is parallel and equal to the baſe 


line FG. And ſo you are to conſider F G as 
the diſtance of the power from the centre of 
motion G; FGE therefore exhibits a hetero- 
dromous leaver. And thus the power in F or 
A is to the weight in E, inverſely as the diſtance 
E G of the weight to the diſtance F G of the 
power. EG is the height, and F'G the length 
of the inclined plane. So that c on it, the power 


is to the weight, as the height to the length of 
the plane. 


A ſcrew is an inclined plane carried round 


an axis. The axis, round which it is carried, is 
called the ſpindle. If the threads are internally 
on the ſurface of an excavated axis, the ſcrew is 


called a ſcrew- nut. The diſtance of the ſcrew- 


threads is the height, and the periphery of the 
ſcrew, the length of the inclined plane, thus car- 
ried round. So that in the ſcrew the power is 
to the weight as the diſtance of the ſcrew-threads 
to the periphery of the ſcrew. When the ſcrew 
takes a ſtar-wheel, it is called the endleſs ſcrew, 


with only three threads. The cogs in the ſtar- 


Yell © © Wheel 


6 RES GE 1 _ 
. > IP p 0 — es, Ow 
8 = ee MS TINS RIP — 
2 * I x a I 


20, 508... ds 


— Me, $E-"- 6 EB 


- room 
Me n agar: 
2 


by 
wen wy ere — 
—— 


1 


2 * 2 R Er. 


— — 8 


12 NR ee a 
— —— ů — n- gd þ — 
— ae — — 


= * * > * * r 2 — 1 
— 5 = * —— . Crt teels 2,” ae e 5 = 

— Ry bu args” 3 oh 9 2 n S <y" ebay; pple whe rr 
„ * — . r 2 1 OG > 8 


* I SL 8 
. — 


r 
2 ** 


„ 2 
wo eons, Hakaat> nn, -4. 4 
& 2,000; n 


. 
. 1 7 75 _ 
nent 4s irs" —ů— — 


E 
88 aaa 


d 2 2 
= — A 1 „ 
ia . 
* 
* — 


 Phyique, T. III. Legen IX. Sect. 1. Experiment II. 


ſuch a ſurface. The reſiſtance ariſing from this 
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wheel muſt be cut by the ſcrew-threads, that is, 
by the angle of the ſpindle, On each turn of 
the ſcrew, a cog is turned in the ſtar-wheel. 
In the caſe of the ſingle wedge, which is a 
ſingle inclined plane, the power 1s to the weight = 
as the thickneſs of the wedge to its length: And 
in the caſe of the double wedge, which is a 
double inclined plane, the ſame proportion 
holds. How this may be diſcovered by experi- 
ment, Graveſande ſhews in his Elementa Phi tes, 
$. 120, and the Abbe Nollet in his Legons de 


CHAP. Þ "6 


Of the Rubbing or Friction, and the Re- 
ſiſtance ariſing in Moriox. 


9.25. 8 on the ſurface of a body certain 

parts project beyond the others, ſo + 
the roughneſs thence ariſing weakens the mo- 
tion of the body, which is to be propelled on 


roughneſs is called the rubbing or friction; whoſe oY 

degree of ſtrength or intenſeneſs is to be ſought 3 E 

for partly from the quantity of the roughneſs, 

partly from the quantity of the ſurface, on which 
| | the | 
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'the body moves, partly from the preſſion with 
which the body acts on the ſurface. How va- 
rious it is in machines, the experiments made 


Broeck in his Inflitutiones Phyfice, chap. ix. de at- 
tritu machinarum, where he relates the many ex- 


= which may be placed horizontal, with its two 
Well poliſhed gudgeons in ſockets, which may 
be lodged in pillars and again taken out. And 
= ſockets of all kinds of metals, and of different 
ſorts of wood are uſed for the purpoſe, in order 
to obſerve the difference of rubbing in thoſe ſe- 
8 veral kinds of materials. Round the roller a 
W firing is flung, at whoſe ends two equal weights- 
= hang. On the one you lay ſome of the parts 
or ſubdiviſions of a pound ſo long, till this 
= 5 weight ſinks down and the other riſes. The 
parts of the pound added ſhew the degree of the 

rubbing. 


1 


15 F. 26. If a body is propelled in a fluid; in re- 
ain 


gard to the reſiſtance we are to conſider partly 
WE the coheſion of the parts that are to be ſeparat- 
ed; partly the ſluggiſnneſs and gravity of the 
oppoſing matter; partly the quantity of the 
wo I. | ſpace through which the body moves; partly 

the magnitude and velocity of the moving body. 
geld 4 The more ſluggiſh the fluid, the heavier and 
nick denſer it is. But the greater the denſity or 


with the trilometer ſhew, deſcribed by Muſcben- 


periments he had made therewith. It is a roller, 


C 2 gravity, 
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gravity, the greater the reſiſtance. The greater 
the ſpace through which the body moves in a 


fluid, the greater the number of the particles 


which it is to propel, and thus too the reſiſtance 
the more increaſed. And in like manner it will 
be always greater, the greater the force with 
which the moving body acts on the fluid: For, 
the ſtronger the body acts on the fluid, the 
ſtronger the fluid re-acts. Alſo a body muſt 
undergo a greater reſiſtance than another, if its 


ſurface exceeds that of the other. For, the 
greater its ſurface, the greater number of parts 
it muſt propel. 


By the reſiſtance of a fink; a body i is | 
ened in its motion, or retarded. Reſiſtance and 


retardation are mutually equal, when conſidered 


in one and the ſame body. For inſtance, a ball 
ſhot through the air; the decreaſe of velocity, 


or the retardation of the ball is ſo great, as is 


the reſiſtance of the air. On the other hand, 


in two bodies different retardations may ariſe by 
one and the ſame reſiſtance, As ſuppoſe we let 


a ball of lead and a ball of clay, both of equal 


magnitude, go into water with an equal velocity 
in one and the ſame direction: Both balls un- 


dergo an <qual reſiſtance, as an equal quantity 
of water makes reſiſtance to both. But as the 


ball of lead is denſer, or contains more matter, 
with which it ſtrikes, and conſequently is ſtronger 


than 
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than the ball of clay; ſo the velocity of the ball 
of lead, in the time that the ball of clay loſes a 
part of its firſt velocity, comes to loſe a leſs 
part. By ſo much therefore, as the denſity of 
the ball of lead exceeds that of the equal ball of 
clay, by ſo much leſs the motion of the ball of 
lead is retarded in the water. The peculiar 
laws of reſiſtance and retardation, which bodies 
undergo when moving in fluids, Graveſande ex- 
plains f in his Elementa Phyſices, lib. ii, c. 6. Nol- 
let in his Leons de Phyſique, T. I. Legon III. 
Sect. 3. art. x. and M. D. Jacob Adami in his 
Specimen bydrodynamicum de ręſiſtentia corporum in 
Auidis motorum, which in 1752 gained the prize 
propoſed by the royal academy of ſciences at 
Berlin for examining this ſubject. 
Tf the fluid moves in one and the ſame direc- 
tion, with a body moving therein, and with 
a like velocity, it retards not at all the motion 
of the body. But if flower than the body 
moving therein, it retards the body a little. 
The nearer its degree of ſlowneſs approaches 
to a ſtate of reſt, the nearer its reſiſtance ap- 
proaches to the reſiſtance which it cauſes in its 


ſtate. of reſt. And thus if it moves againft 


the body, its reſiſtance is greater than when 
fully at reſt. De la Hire in the Memoires of 
the royal academy of ſciences at Paris, has 
attempted to inveſtigate the power neceſſary 
C'3 to 


4 
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to tnove ſhips as well in ſtanding as in "RO 
water. 
The motion of a 0 which either rubs, or 


is retarded in a fluid, muſt therefore at length 
ceaſe. FRO 


CHAP. YT Ip 


General PROPOSITIONS of velocity or celerity. 


$. 27. F the times, which two bodies moving 
uniformly take to run in, are mutually 
equal; the celerities of the bodies are to each 
other as the ſpaces run over. For inſtance, if A 
in one ſecond runs over one foot, and B in one 
ſecond four feet; the celerity of the body A is 
to that of the body B as 1 to 4. | 

$. 28. But if the ſpaces are mutually equal, 
the celerities are to each other inverſely as the 
times, which the uniformly moving bodies take 
to run in. For, in leſs time the motion is per- 
formed in an equal ſpace, the greater the celerity. 
As, ſuppoſe A to run over a ſpace of eight feet, 
and B in like manner a like ſpace; and the time 
in which A does it to be one ſecond, and that in 


which B, four ſeconds: As that thus A is four 
times ſwifter, that is, the celerity of A is to that 
of B, inverſely as four ſeconds, which B takes, 


ro 
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to one ſecond, in which A deſcribes the ſpace. 
And thus the celerities of two bodies are in ge- 
| neral in the compound ratio of the direct ratio 

of the ſpaces, and the inverſe ratio of the times; 
that is, the celerity of the body A is to the ce- 

lerity of the body B, as the product of the ſpace, 
which the body A runs over, and of the time 


which the body B takes; to the product of the 
ſpace, which the body B runs over, and of the 


time which the body A employs. And thus 
according to the foregoing example, the celerity 
of the body A is to that of B, as 32, the product 
of 8, the ſpace run over by A, and of 4, the 
time which B has taken; to 8, the product of 1 


the ſpace accompliſhed by B, and of 1, the time 


which A has pred But 32 is to 8, as 4 
is tO 1. 

&. 29. As a ſingle time and a "© 1 
_—_ give a ſingle ſpace; ſo a double time and 
a double celerity muſt give a fourfold ſpace, 
And thus in uniform motions we find the ſpace, 
upon multiplying time and celerity together: As 
a point in the periphery of the earth's equator, 
running over two hundred and twenty-five ger- 
man miles in an hour; ſuch is the celerity of 
that point. And therefore in twenty-four hours, 


the time in which the earth revolves about her 


axis, this point will accompliſh a ſpace of five 
thouſand four hundred german miles. 


1 6. 


* 
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F. 30. As therefore the ſpace is a product, 
and time and celerity its factors, you find the 
celerity of a body moving uniformly, on divid- 
ing by the time the ſpace run over: As dividing 
5400 by 24, you find the celerity of a point in 
the periphery of the earth's equator to be 225, 
that is, it performs ſo many miles in an hour. 
F. 31. If the weight A, fig. 4. plate 1. at a 
leaver A CB, is raiſed by the power B, the ce- 
lerity of the weight A is to that of the power B, 
as the diſtance AC of the weight, to the diſtance 
BC of the power: For, thoſe diſtances are radii 
of concentrick circles: And in ſuch, the arches 
Aa and B bare to each other, as the ſaid radii 
AC and BC. But as Aa, the ſpace run over, 
is to the ſpace run over Bb, ſo the celerity of 
the weight A to that of the power B, F. 27. 
FS. 32. From this it appears, that in the five 
' imple organs you muft employ ſo much the 
more time, the greater the weight, which is to 
be moved by a ſmall power. As if in the ſaid 
feaver, the ſpace A a is to the ſpace Bb, as 1 to 
3; and if the power, which raiſes the weight 
through the ſpace Aa, deſcends through the 
ſpace Bb in a ſecond; you will require three ſe- 
conds, in order to raiſe the weight at this leavet 
by means of this very power, through a ſpace as 
great as Bb. The flower a weight moves at a 
leaver, the quicker the oer $. 27. By the 

imple 
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ſimple machines or organs, F. 24, as the hetero- | 


dromous leavers, a power is ſo ordered, as to 


have a certain degree of velocity, whereby what 


it wants in weight is compenſated in force. To 


this head belong M. Amoutons's refleftions on 
the force of machines, publiſhed in the Me. 
muoires of the royal academy of ſciences at Paris. 


char. VI. 


of the MoTron of falling, 8 and 
N Bodies. 


8 47 S a falling body above our earth at 
| the height at which an experiment 
may be made, is almoſt conſtantly propelled by 
one and the ſame degree of gravity; ſo in the 
fall it acquires ſtill greater degrees of velocity, 


which are equal to the times. Such an in- 


creaſing motion is called uniformly accelerated. 


The velocity of 'a falling body is thus, in a 


fingle time, ſingle; in a double time, double; in 


a triple, triple; in a quadruple, quadruple, &c. 


F. 34. And thus if nothing withſtands a fall- 


ing body, and if the reſiſtance is inconſiderable; 
the ſpaces which it accompliſhes in different 
times by its fall, are to each other, as the 


{quares 


26 


of MOTION. 
ſquares of the times or velocities; and the ſpaces | 
increaſe, as the odd numbers, 1, 3, 5, 7, &c. 


do. For, we find the ſpace on multiplying the 


time by the velocity, $. 29. Now in uniformly 
accelerated motion the velocity is as the time, 
$. 33. And if the velocity be multiplied by the 
time, it is all one as if the time were ſquared, 
or multiplied by itſelf. Call the ſpace S, the 
time T, and the celerity C. And thus multiply- 


ing 1 T by 1 C, the ſpace in the firſt inſtant 


or moment is equal to 1 S: But multiplying 


2 T by 2 C, the ſpace in two moments is = 
4 S: And multiplying 3 T by 3 C, in three 


moments the ſpace is = 9 S. But the number 
I, 4, 9, are the ſquares of the times, or celeri- 
ties, 1, 2, 3. On deducting the firſt of the ſaid 
ſquare numbers from the ſecond, and this from 
the third, and in general, the next proceeding 
from the following, there come out the odd 


numbers, 1, 3, 5, The demonſtration may be 


illuſtrated by means of a rectangular triangle, 


— — 


in which the equal parts of the line AB fig. 5. 


Plate 1. denote the times of the fall; and the 


lines 1 d, 2 c, 3 f, BC, the celerities; and the 


triangle, the ſpace deſcribed by the falling body. 
For the triangle A 14d is to the triangle A 2 c, 
as the ſquare of the ſide A 1 to the ſquare of 


the ſide A 2; or, as the ſquare of the ſide 1 d 
to the ſquare of the fide 2 c. Huygens found, 


that 
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that a body, whether heavy or light, at no great 
diſtance from the ſurface of the earth, accom_ 
pliſhes in the firſt ſecond of its fall a height of 
15 r Paris feet. The demonſtration Baron 


Wolfs gives in his Elementa Mechanice, F$. 47 3. 


$. 35. And thus in the caſe of bodies falling 
freely, the times in the different ſpaces of the 
fall are as the ſquare roots of the ſpaces. And 
thus the time in a quadruple ſpace is to that in 
a ninefold ſpace, as the ſquare root of 4 to the 
ſquare root of 9; that is, as 2 to 3. The truth 
of this propoſition, in Galileo's manner, who firſt 
made it known, and deſcribed it in his third di- 
alogue de motu, may be eſtabliſhed by an expe- 


riment; with letting an ivory ball run down - 
_ well polifhed tube on an inclined plane, which 
may be elevated by the ſquares of the times, 1, 


4, 9, 16, 25 inches; and obſerving the times, in 
which at each height it has finiſhed Its e | 
by a pendulum. 


$. 36. And therefore light and 3 bodies | 


fall equally ſwift in vacuo, or accompliſh equal 


ſpaces in equal times, For, if a light body A 
falls through nine feet, and another heavier 
body B in like manner through nine feet; the 
{quare roots of their ſpaces, and conſequently 
too their celerities are mutually equal. If, for 
inſtance, a pound of lead falls, it is the ſame 
thing, as if thirty- two ſingle loths or half ounces 
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began to fall at once. And thus the pound of 
lead reaching the bottom, is the ſame thing, as 
if thirty-two ſingle half ounces reached it at the 
ſame time. And as thus each half ounce apart 
Falls as quick as the other; ſo alſo each half 
ounce apart falls as quick, as thirty-two half 
ounces, which begin to fall at the ſame time; 
and conſequently as quick as a whole pound. 
$. 37. The action of a body in motion ariſes 
partly from its maſs, or quantity of matter; 
partly from its velocity. For, without maſs it 
cannot be a body, and without velocity it can- 
not move. In order therefore to inveſtigate the 
quantity of the action, produced by a body in 
motion, we are to conſider the quantity of its 
| maſs and the quantity of its velocity. And as 
no velocity is conceivable without time; ſo in 
conſidering the quantity of the action produced 
by a body in motion, we are not to forget in 
what time the action was accompliſhed. Suppoſe 
two equal holes A and B ſtruck or bored through 
a board, every where equally thick ; the one A 
in ten, the other B in ſixty ſeconds. Without 
diſpute, the action, by which the one A is made, 
is greater than the action, ae which the er B 
is produced. 
$. 38. By the action which a body in motion 
produces, we come to know its force and power, 
$. 11, And hence, inſtead of the term, action, 
it 


+. 
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it is common to uſe the terms, force and power. 
The forces of bodies in motion are living forces, 
$. 11. And thus two bodies having equal 
maſſes, and moving with different celerities, 

their living forces are as their celerities. 

§. 39. If therefore two bodies of unequal 
maſſes, as A of one pound, and B of four pounds; 
move equally ſwift; their living forces are to 


each other, as their maſſes; As the force A i is to 


the force B, as 1 to 4. 

$. 40. And thus if two bodies A _ B of 
unequal maſſes move with unequal velocities, 
their living forces are to each other as the pro- 
ducts of their maſſes and velocities: As let two 
yielding balls A and B, whoſe velocities are 
mutually in the inverſe ratio of their maſſes, 
run againſt each other; and A with one pound 
of maſs to have two degrees of velocity, and B 


two pounds of maſs with one degree of velocity; 


after the ſhock the two balls come to reſt toge- 
ther; and thus they have acted on each other 


with equal forces, the product of the maſs and 


velocity of the one ball being equal to the pro- 
duct of the maſs and velocity of the other. 

| _ ?*Tis thus Deſcartes in his Principia Philoſophie, 
P. 2. §. 36. And Newton in his Principia Phi- 

loſopbiæ naturalis, Defin. 2. determine the quan- 

tity of the motion. Whereas Leibnitz in a writ- 


ing, W in the Adta Erudit. An, 1686, and 
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entitled, Brevis demonſtratio erroris memorabilis 
Cartęſii, Sc. eſtimates the living forces by the 
products of the maſſes of the moving bodies and 
the ſquares of their velocities. As if a body A 
be four pounds in maſs, and a body B one pound 
and A falls one foot and B four feet; A by the 
fall gains a force to riſe again one foot, and B 
four feet; as will appear Bom $. 42. As thoſe 
forces act no further after reaching the ſaid 
heights; ſo the living force of the body A is to 
that of the body B, as the product of the maſs 
4, and the height 1, to the product of the maſs 
1 and height 4. Now as theſe heights 1 and 
4 are equal to the ſpaces, through which the 
bodies fell, and in which by the fall they ac- 
quired the ſaid forces to riſe or aſcend with: So 
theſe heights are to each other, as the ſquares of 
the velocities, which the falling bodies acquired 
in the ſaid heights or ſpaces, $. 34. From this 
M. Leibnitz concludes, that the force of the 
body A is to that of the body B, as the product 
of the maſs 4 and the ſquare of the velocity I, 
to the product of the maſs 1, and ſquare of the 
velocity 2: And that thus the living forces of 
the bodies A and B are mutually equal; as one 
and the ſame force is neceſſary to raiſe a four- 
fold weight through a ſingle height, as to raiſe 
a ſingle weight through a fourfold height. If 
the bodies A and B are metal balls of equal di- 


ameters, 
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ameters, and fall through the ſaid heights into 


ſand or ſoft clay; they make equal pits therein. 


This experiment is ſuppoſed to eſtabliſh the 
living force of the ball B to be as great as the 


living force of the ball A. But this can by no 
means be admitted, as profeſſor Kraft ſhews in 
his Prælectiones in Phy/icam T heoreticam, §. 95— 
100. The quantity of a living force is to be 
eſtimated by the quantity of the action or effect 


| produced by it, §. 38. But in that we are to 
conſider the time, in which the effect was ac- 
compliſhed, F. 37. The pits which were made 


in the ſand or clay by the balls A and B, are 
indeed mutually equal; but not compleated in 
equal times. The ball B is ſwifter in the fall 
than the ball A; and thus makes its pit in a 
ſhorter time than the ball A. Much leſs can we 
admit, that the forces with which the four- 


pound body A can aſcend one foot; and the one- 


pound body B, four feet, are mutually equal; as 
body B takes ſo much longer time to aſcend in 


than A, as it took a longer to deſcend in than 
A. For, if A falls one foot, but B four feet; 
B in falling takes double the time, F. 35. | 

$. 41. As the cauſe of gravity, which ac- 


celerates uniformly the velocity of the falling 
body, weakens the motion of the perpendicularly 


_ aſcending; ſo this motion uniformly decreaſes: 
And the decreaſe of the ſpaces ariſes according 
to the odd numbers, 7, 5, 3, I. 5 . 
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$. 42. If ſuch a body in the firſt moment 
aſcends through a ſpace, denoted by 7; in the 
ſecond it aſcends through a ſpace 5; 1n the third 
through a ſpace 3; and in the fourth through a 
ſpace 1. After compleating which, by reaſon 
of gravity, it falls back again, and thus in the 
firſt moment through 1, in the ſecond through 
3, in the third through 5, and in the fourth 
through 7. In which laſt moment it has by the 


fall acquired the ſame force again, with which 


in the firſt it began to aſcend. 

$. 43. A weight faſtened at a thread AC 
fig. 6. plate 1. moveable about a fixed point C, 
is called a pendulum; and thread and ee 
h are called a plummet. 

F. 44. So long as the pendulum hangs 3 in the 
eee line C A, it is at reſt; as in no 
other line but this it can fall, $. 17. and is ſuſ- 
tained by the fixed point C. So ſoon therefore 
as the weight with the extended thread is raiſed, 
it comes out of the ſtate of reſt, and endeavours 
to fall in another perpendicular line BD. But 


as it is withheld here from falling by the thread, 
and thus drawn towards C by the re- action of 


the thread BC; it falls down to A by a com- 
pound motion, F. 13. The line B A, through 
which it takes its way between BC and BD, is 
an arch of a circle; as the line BC, in which it 
is drawn to C, is conſtantly of a length, and 
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| conſequently the ball itſelf always retains one 


equivalent to the fall through the height BD or 
EA. And ſo it acquires a force, with which it 
can again aſcend an equal height, F. 42. In the 


AF, which forms a right angle with the per- 
motion it aſcends in the curve line AG to the 
point G, as high above F, as E is above A, or 
B above D. And now its acquired velocity is 
| ſpent. And ſo by its gravity it returns back, 
are called vibrations, ofcillations, ſwings. They 


chis they do not. The arches which the pendu- 


ſion C; partly, as it moves through a reſiſting 


by the external reſiſtance. 
§. 45. In the velocity of the pendulum we 


one of whic 
Vo I. I. 


D 5 at 


| and the ſame diſtance from C. This deſcent is 


perpendicular EA this cannot happen, as the 
weight has acquired an impulſe in the right line 


pendicular EA. And thus by the compound 


and again aſcends to B. Theſe motions of 
aſcent and deſcent from B to G, and G to B 


ſhould therefore laſt without ever ceaſing. But 


lum deſcribes, becoming always leſs: Partly, as 
the thread rubs at its centre, or point of ſuſpen- 


medium. The pendulum has therefore been 
applied to clocks, in which the wheel- work re- 
ſtores again the motion, which it is deptived of 


are to conſider the length of the thread, and the 
gravity of the weight. If therefore two weights, 
is heavier than the other, hang 
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at equally long threads, and fall from equal 
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heights; the heavier vibrates quicker than the 


lighter, F. 9, 37. 
$. 46. If therefore a pendulum is conveyed 


to ſome other part, but remaining unaltered in 


length, and vibrating flower in this laſt place; 
we may thence learn, that its gravity has under- | 
gone a decteaſe: But vibrating quicker in that | 
other place, that its gravity 1s increaſed. 

$. 47. If therefore two pendulums are equally 
heavy, and one moves flower, and the other 
quicker; the firſt is longer than the ſecond. 

F. 48. If a heavy body is thrown either in 
an oblique, or in an horizontal line A C fig. 7, 


8. plate I. it deſcribes a parabolic line. Were 


it without gravity, by the ſingle force of the | 
throw, in the firſt moment it would come from 


A to I; in the ſecond, from I to II; and in the 


third, from II to III; and all theſe lines deſcribed 
in equal times, would be mutually equal, F. 10. 


| Whereas by the gravity the projected body is 


forced to take a line acde perpendicular to the 


centre of the earth: So that its motion is com- 


pounded. And thus in the firſt moment it de- 

ſcribes the line between both the lines A I and 

A c, and in one and that the firſt moment 

comes to 1; in two moments between A II and 

Ad to 4, and in three moments between A III 

and A e to 9. And as the lines I 1, II 4, and 
| Es | III 
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A d, A ez ſo A c ig to A d, as 1 to 4; and Ac 


A II, A III are equal to the lines c 1, d 4, e 9; 
ſo the ſquare of the line c 1, is to the ſquare of 
the line d 4, as 1 to 4; and the ſquare of the 
line c 1 to the ſquare of the line e 9, as 1 to g. 


the line c 1 to the ſquare of the line d 4; and 
Ac to A e, as the ſquare of the line c 1 to the 
ſquare of the line e 9.” The lines Ac, Ad, 
A e, are called abſciſſæ, and the lines c 1, d 4, 
e 9, ſemiordinates. And thus the abſciſſæ are to 
each other, as the ſquares of the ſemiordinates. 


of thoſe ſemiordinates, is called a parabolick line. 
The thing may be ſhewn by the parabolical 
machine, where A I, A II, A III, exhibit the 
times, as the ſquares of the fall, $. 34. as Grave- 


ſande deſcribes this in his Elementa Phyfices, T. I. 
c. 24. | 


LED 
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III 9, 4 are equal and parallel to the lines Ac, 


to A e as 1 to 9. And further as the lines A I, 


And therefore Ac is to A d, as the ſquare of 


The line drawn through the extremities 1, 4, 9 


times, and I 1, II 4, III 9, the ſquares of the 


* * 
—_— 

4 . 
- 0 
335 


Of the mutual AcTions 
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with which BopIESS mutually act 
on each other. 
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Of the Diviston of Bop1zs according to 


| theſe Forces. 


8. 49. / BODY is called fluid, if its parts 


are ſeparable from each other by a 


95 ſmall motion of a body moving between them, 


as of a finger; hereby acquiring a motion among 
themſelves, whereby they ſeek to expand them 
ſelves in all directions, and again fill up the for- 
mer ſpace, on the cauſe of the ſeparation ceaſing. 
But it the connection or coheſion of the parts be 
ſtronger, the body is called frm or ſolid. 

§. 50. The cohering parts of a body, whe- 
ther fluid or ſolid, may have ſmall ſpaces or 
interſtices between them, in which thgge is no 
corpuſcle of the ſame kind. Such a body is 
called porous or rare. The poroſity may be 
greater or "leſs according to the quantity and 


number of the intermediate ſmall ſpaces. The 


leſs in compariſon of a greater, is called den/ity. 


9. 
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F. 51. If the poroſity is of ſuch a nature, as 
that the cohering parts may be brought into a 


ſmaller ſpace by a determinate force, the body 


is called /oft. But if the parts admit not to be 


thus brought into a narrower ſpace, the body is 


called bard. If the parts of a ſoft body have 
the force of expanding themſelves into a greater 
ſpace, ſo ſoon as the power of the compreſſion 


ceaſes; ſuch a body is called elaſtick, as a ſpring 
for inſtance. | 


CHA Y. 


Of the Forces with which Bodies hang to- 
| gether or cohere. 


$. 52. II. ITHOUT contact no body can 
cohere with another. The degree 


of ſtrength, or the intenſeneſs of the coheſion 
is to be ſought for, partly in the forces, with 
which the ſingle parts of bodies act on each 


other; partly in the number of the points of 
contact. A particular account of coheſion M. 
| Hamberger has given in his Phyſicks, c. 3. 

F. 53. The ſmoother therefore the ſurfaces 


of ſolid bodies, and the more the inviſible cavi- 


ies in the ſurfaces, by which they mutually 


=. 


— 


„ touch, 
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touch, are filled with a matter, that fits therein; 


the ſtronger will their - coheſion prove, ſo the 
forces of cqheſion, with which the bodies act on 


each other, are not weakened by an oppoſite 


force. This appears from the memorable ex- 
periment made by Muſchenbroeck, and deſcribed 
in his phyſicks, c. 20. Take, for inſtance, two 
ſolid cylinders of lead, each of which has an ear 
at the baſe, through which a ſtring is drawn. 
The diameter of the baſes may amount to about 
two lines. With a ſharp knife ſhave the baſes 
of both cylinders ſmooth, and then preſs them 
with a twiſt or turn on each other. And they 
directly cohere. Hang the one cylinder with its 
ſtring at a faſtened nail. At the ſtring of the 
under cylinder hang on one pound after another: 
Which may be increaſed to twenty pounds and 
upwards, before the under cylinder parts from 


the upper. 


M. Muſchenbroeck having heated two te 


cylinders, whoſe baſes were -pWliſhed, and in di- 


ameter 1 44 Rhinland inch, dipt their ſurfaces 
in melted pitch, and then ſet them on each other 
and ſuffered them to cool. Each cylinder had 
an iron hook, through which paſſed a copper 
ring 3, of an inch in thickneſs. The one cy- 
linder he hung at its ring by a rope, and at the 
ring of the under a weight of 1400 pounds; 


and rings and hooks flew to pieces, without the 


cy l:nders 
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cylinders parting. See his Introdufio ad cobæ- 
rentiam firmorum, c. 1. F. 5. 

$. 54. If a fluid touches a ſolid body of a 
denſer ſpecies, the parts of the fluid ciſe up at 
the ſolid. For as the ſolid body is denſer, its 
ſurface may touch in more points than the ſur- 
face of the fluid. And therefore the parts of the 
fluid and ſolid act ſtonger on each other, than 


the parts of the fluid on each other. But if the 


ſolid body is of a more porous kind than the 
fluid, the action of the parts of the fluid on each 
other is ſtronger than the action between the 


parts of the fluid and ſolid. So that the fluid 


cannot ſo ſtrongly cohere with the ſolid as the 
parts of the fluid unite with each other, F. 52. 

The experiments to this purpoſe are fully ex- 
plained by M. Muſchenbroeck in his Diſſertatio de 


tubis capillaribus vitreis & de attractione ſpeculo- 


rum e n vitreorum. Glaſs tubes in diameter 
leſs than 4 of an inch, and called capillary 


tubes, open at top and bottom, afford examples 
to this purpoſe, If ſuch a capillary tube is with 
the one end dipt in water, the water riſes higher 


within it than it ſtands without. But if dipt in 


quickſilver, the quickſilver ſtands deeper inter- 
nally in the tube, than externally. 


$. 55. If a drop of water runs dawn on a 


glaſs, which you incline in decanting; the reaſon 
of its taking this way, is its being impelled by 
5 4 twa 


39 


Of the mutual Actions 

two conſpiring forces; the one the force of gra- 
vity; the other; the force with which the water 
acts on the glaſs, 5. 13. 5 

$- 36. If the parts of a bard body cohere 
equally ſtrong, and ſtand ſo connected, as that 
the one being extended or ſtretched, many 
others are extended equally ſtrong; the body 
breaks in many pieces, ſo ſoon as one part is by 
the extenſion ſeparated from the other. For, 
the other parts being ſtretched equally ſtrong, as 
they cohere no ſtronger together than the firſt, 
which is broke off, will therefore at the ſame 
time be brought out of their coheſion, Peculiar 
examples of ſuch brittle bodies glaſs-drops, or 
lacryme vitree, and ſpringing cucurbits offer'd, 
A glaſs-drop is produced, on letting fall a drop 
of melted glaſs into cold water; and in falling 
in there draws or trails, beſides, a thread from 
the reſt of the glaſs, ere it parts therefrom. The 
moment the drop falls into the water, it turns 


co a ſolid body, before ever the thread comes 5 


into it. And hereby it comes to conſiſt of an 
oblong thick part and of à thread; the former 
of which is called the head; the latter, the tail. 
On holding the head firm between the thumb 
and fore · finger, and breaking off a little of the 
tail, the entire drop ſprings or flies at once to 
ſmall particles like a duſt. This happens in the 
following manner. Such a glaſs-drop is to be 

* een 
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conſidered as a body conſiſting of threads only, . 


which run together the length of the head and 5 


tail to a point, and apply very cloſe to each 
other, and therefore are very hard and greatly 


ſtretched, on the melted drop falling into the 
water. Now on breaking off a little bit of the 
tail, all the threads are ſtretched throughout 


equally ſtrong. And thus a bit breaking, they 
all ſpring or fly to pieces as all the parts are 


equally brittle. In this manner Baron Wolfius 


explains this flying of the drop in his »ſeful Zx- 


periments, P. 3. c. 3. The ſpringing cucurbits 


are ſo called from their figure, reſembling a 


glaſs cucurbit or body, uſed for diſtilling or ab- 
ſtracting by apothecaries; and their bottom di- 

rectly flies on letting a ſmall pointed particle of 

2 flint fall internally on it; tho? its bottom is ſo 
firmly arched, that you may ſtrike it externally 
againſt a wall, and not make it fly. Profeſſor 
Hanow at Dantzick has made extraordinary ex- 
periments therewith, deſcribed in the firſt part 
of the experiments of the philoſophical ſociety 
in Dantzick. «Theſe ſpringing bodies are alſo 


called Bolognian flaſks, as being made known 
anew, after Mr. Boyle, by Amadei a canon of 
Bologna. They are not cooled in the cooling 


furnace, and therefore are brittle and very 
ſtrongly ſtretched in every part, as coming di- 
rectly out of the greateſt glow into the cold air. 

N Some- 
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Sometimes they ſpring or fly in pieces by the 


bare warmth of the hand. From this it appears, 


that the particles of glaſs are fo ſtrongly ſtrung | 
as to tear in pieces, when their extenſion or 


ſtretch is increaſed only by a ſmall force. The 


brittle particles continue going on to the inter- 
nal bottom of a ſpringing body, and at laſt run 
to a point. And thus if only a thin ſhiver be 
tore on the upper ſurface of the internal bottom 


by the fall of a ſmall pointed peble, the crack 


propagates itſelf all over the bottom. It will be 
aſked, why the bottom does not fly, when ſtruck 
externally either againſt a wall, or on letting 


fall a pointed peble on its external rounding or 
bulge? The middle on the outer rounding of an 
arch is ſupported quite around by all its parts. 


M. Bianconi in a letter to M. Scipio Maffei, has 
made uncommon reflections on the nature of 


theſe ſpringing bodies. 5 


& 37. The coheſion of bodies is divided 
into the unconditional or abſolute, which with- 
ſtands the force, that tends to tear a body 
lengthways; and into the conditional or relative, 
which withſtands the force, that has a tendency 
to break a body in the direction of a line, drawn 


perpendicular to its length. Both kinds of co- 


heſion M. Muſchenbroeck has enquired into with 


great care, and exhibited the experiments he 
made, and the propoſitions he thereby diſcovered 


in 


of Bop IES on 0 | 


! 


in his Introductio ad cobærentiam corporum firma- 


rum. In examining the firmneſs and abſolute 
coheſion. of metals, he cauſed to make four 
threads or wires of each metal, the thickeſt of 
which was 1s of a Rhinland inch“ in diameter. 
As the metal in drawing was become ſomewhat 


ſhort or brittle, he again ſoftened the wires in a 


clear coal fire, whereby he freed them of their 
brittleneſs. In, order accurately to diſcover the 
firmneſs of theſe wires by hanging on weights, 


he applied a peculiar apparatus for the purpoſe, 


which he deſcribes c. 3. and exhibits plate 20. 
increaſing gradually the appended weights. And 
hereby the wires by little and little became 


longer and ſlenderer. The experiments made 


with the wires P. of an inch in thickneſs exhibit 
what follows; A wire of. piſtol gold was tore 


aſunder by a weight of 300 Amflerdam pounds; 


a wire of filver not quite fine, by 3701b. an 
iron wire, by 450 Ib. a wire of red Scediſb cop- 
per, by 2991b. a braſs wire, by 360 lb. a wire 
of lead by 29 lb. a wire of the fineſt tin, by 
491Þ. 

§. 58. If two bodies have a tendency to 


come together, and unite with each other; this 


tendency is called attraction, and conſidered 
either Ae. or PAyIIcaBy: Mathema- 


* Equal to 135; of an Engl / inch. The Rhialand foot 
"__ to the ch as 139 to 135. 


tically, 
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tically, we with Sir J. Newton conſider barely 
the quantity and intenſeneſs of the attraction. 
But phyſically, the queſtion turns on the cauſe 
and the forces, whereby ſuch a tendency ariſes. 
Now whether we are to look for thoſe forces in 
the bodies, that have a mutual conatus; or with- 
out them in a certain fluid matter, is what can- 
not be made out in 1 this place. 


CHAP. U.. 


of the preſſure of FLv1Ds. 


§. 59. HEN two bodies A and B are 


equally big, or of an equal bulk 
or equal volume, as ſuppoſe each a cubick inch; 


and that A weighs more than B: A is called 1 
body of a heavier, and B of a lighter ſpecies: 
The former is denſer, the latter more porous, 
For, A weighing more than B, and having no 
greater bulk: It muſt needs have more maſs, 
F. 37. and conſequently be denſer, $. 50. II 
two bodies are equally big, and one weighs 
more than the other, the gravity peculiar to 
each under this equal bulk, is called the ſpecifick, 
§. 60. If two bodies A and B, differing in 
ſpecifick gravity, "_ equally, the ſpecifick 
gravity 
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gravity of the one A is to that of the other B, 


inverſely as the bulk or volume of the ſecond B, 
to the bulk or volume of the firſt A: Allowing 
at firſt to both theſe bodies equal bulk, under 
which A weighs four ounces, and B one; and 


5 thus A having four times as much maſs as B, 


ard B only the fourth part ſo much as A: B 


therefore in order alſo to weigh four ounces, and 
at the ſame time retain its degree of poroſity, 
muſt be four times as big as A. Now as A 
and B weigh equally, and the bulk of the body 


A is contained in that of B four times; ſo on 
the contrary, the ſpecifick gravity of the body 
B muſt be contained four times in that of A. 
For, the weight of each of theſe bodies ariſes 


from its bulk and ſpecifick gravity. Now if 
the bulk of A is 1, and its ſpecifick gravity 4; | 


and the bulk of B 4, and its ſpecifick gravity 1; 


in both, equal wholes ariſe from equal parts. 


F. 60. A fluid body, which we here conſi- 
der without elaſticity, preſſes either by its gra- 


vity downwards; or by its re- action acts either 
upwards or ſideways againſt an acting body, 
and with its preſſure acts either againſt a fluid, 
which is either equally or unequally heavier; or 
againſt a ſolid body, having either the fluid over 


it, or reſting on the fluid. The ſcience of theſe 


kinds of preſſure of fluid bodies is called hydreſ 


ticks; as the doctrine of the zquilibrium of bo- 
4 „ 
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dies in general is called faticks. A number of 


experiments to this purpoſe, Baron Wolfius has 
publiſhed in his «/ef«/ Giant 2 1. c. 1, 


2, 3 and 8. 


§. 61. The preſſure of a fluid body i d 
dead force, Now though it acts without mo- 
tion, F. 11: Yet the ſpace is to be conſidered, 
which a body in connection with another would 
paſs over in the firſt inftant, when by a certain 
preſſure brought out of its ſtate of reſt, This 
poſſibility of running over a certain ſpace in the 
firſt inſtant, is called the velocity of the quieſcent 
body. The velocity of a finking body, which 


by means of a leaver raiſes another, is to the 


velocity of the other aſcending body, as its diſ- 


tance from the centre of motion to the diſtance 


of the aſcending body from the ſame centre, $, 
21. And thus we are to eftimate the dead forces 
of bodies by the products of their maſſes and 


initial velocities; as we confider theſe bodies as 


mutually connected, ſo as to begin and compleat 
their motion in equal times, when b into 


motion. 


F. 62. If in two tubes G1 and HK, fig. 1. 
plate IT. differing in width or bore, and having 
a communicating duct I K, whereby a fluid 


may pals out of the one into the other, two fluids 


of a like ſpecifick gravity move in ſuch a man- 
ner, 45 that the one aſcends in H K, while the 
| other 
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other ſinks down in G I, the velocity in the 
wider tube being to that in the narrower, in- 
verſely as the width of the narrower H K to the 
width of the wider G I. For, the velocities of 


two bodies in equal times, are to each other as 
the ſpaces run over, F. 27. Suppoſe the width 

of the tube GI to that of the tube HK, 
to be as 8 tor. And thus the fluid in Gl 


ſinking down an inch L. O, the fluid in H K 


aſcends eight inches. And thus the velocity of 


the fluid in G is to that of the fluid in H K, 
as the height 1 to the height 8. But the height 


tin G is to the height 8 in H K, inverſely as 
the width H K to the width G I. And thus 
the velocity in G I is to that in H K, inverſely 
as the width H K to the width G I. By the 
width of a tube we underſtand its internal ſpace, 

| which is equal to its internal baſe, or to the baſe 
of the column of a fluid in the tube. And thus 
the width is a circle, when the internal ſpace of 
the tube is a cylinder. 


F. 63. Two fluids, which in two cubes have 
a communicating duct, and of a like ſpeci- 
fick gravity, ſtand equally high in the tubes, 
be the tubes equally or unequally wide, and 


either both perpendicular, or the one ſtanding 
inclined. For, the dead forces with which theſe 


fluids mutually preſs, are to each other, as the 


products of their maſſes and initial velocities, 


4 9. 
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& 61. If both tubes are equally wide, and 


ſtanding perpendicular; the maſſes and velocities 
of the fluids in both tubes are mutually equal. 
And thus too the products of the maſſes and 


velocities in both tubes are equaf If both the 
perpendicular tubes G I and H K are of diffe- 
rent widths, fig. 1. the maſs, indeed, in G I ex- 


ceeds that in H K. On the contrary, by ſo 


much as the maſs in G I exceeds that in H K, 
by ſo much inverſely the velocity in H K ex- 
ceeds that in G I, F. 62. And thus the pro- 
duct of the maſs and velocity in G I is equal to 


that of the maſs and velocity in HK. If both 


tubes PQ and S R, fig. 2. are equally wide, 
but one ſtanding inclined, and the other perpen- 
dicular, the maſs in P Q is to that in S R, as 
the height P Q to the length S R. If, for in- 
ſtance, PQistoSR as 1 to 2; ſo is the maſs 


in PQ to that in S R in like manner as 1 to 2. 


And therefore if the fluid in S R ſinks down an 
inch, that in PQ riſes two inches. And thus 


the velocity in S R is to that in PQ inverſely 


as the maſs in PQ to that in S R. So that the 
product of the maſs 1 and velocity 2 in PQ is 
equal to the product of the maſs 2 and velocity 


1 in SR. If we conſider SR as an inclined 


plane, the maſs in S R is the weight, and the 


maſs in P Q the power, Both are of equal in- 
tenſeneſs, $. 24. Wes 


8 
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F. 64. As the fluid in the narrow tube HK 


fig. 1. ſtands as high, as that of the ſame ſpeci - 


fick gravity in the wide tube G I, and preſſes as 


ſtrongly on the baſe I K, as the fluid in G I, 


$. 63. So we are to eſtimate the force, with 
which a fluid preſſes againſt the bottom of a 


veſſel, by the width of the bottom or baſe, and 
by the bare height of the tube. And ſo a pound 
of water in a narrow tube D C, fig. 3. plate II. 


preſſes as ſtrongly againſt the bottom of a veſſel 


AB, as a quintal of water in an equally tall 


tube ASFE, throughout of a width with the 
bottom of the narrower. This may. be ſhewn 
by two machines, deſcribed by Baron Wo!jfius iri 
his Uſeful Experiments, P. I. $. 53 and 56. | 
$. 65. A fluid in a veſſe] may be conſidered 
as a number of columns, having a -cothmon 
baſe, and being of the ſame ſpecifick gravity. 
So that they preſs equally ſtrong againft each 
other. And thus one muſt be as high as the 
other, or their upper ſurfaces muſt all of. them 
be equidiſtant from the horizontal line or level. 


This ſtate of a fluid is called its level. If the 


fluid matter either at the ſides, or in the middle 


of the veſſe} be raiſed above the level, this is 
owing either to its acting ſtronger at the ſides 


againſt the matter of the veſſel, or in the middle 


againſt its own parts; than the preſſure il 


from gravity, F. 54. „ eee 
Vol. I. E | 8 
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$. 66. If two fluids of unequal ſpecifick 
gravity preſs againſt each other in two tubes. 
having a common baſe, their heights are in the 


inverſe ratio of their ſpecifick gravities. For, 
thus they weigh equal. As for inſtance, the 


ſpecifick gravity of water is to that of quickſil- 
ver, as 1 to 14. Now if the quickſilver ſtands 


In its tube one inch high, the water in its tube 


has a height of fourteen inches. And thus the 
height of the water is to that of the quickſilver, 


inverſely as the ſpecifick gravity of the quick- 
filver to that of the water. The reaſon thereof 


may be thus diſcovered. If the tubes are equally 


wide, a cylinder of quickſilver, one inch high, 


weighs as much as a cylinder of water four- 
teen inches high, $. 59. And thus neither the 
water can be forced up higher by the quickfil- 


ver, nor this by that: So that in both tubes 


there are equal maſſes, F. 37. The initial 
yelocities are alſo equal, as the tubes are of a 
width. And thus the quickſilver and water 
hereby a& with equally ſtrong forces againſt 
each other. So that their heights are in the 
inverſe ratio of their ſpecifick gravities, $. 61. 
Alſo they act with equal intenſeneſs againſt each 
other, though one tube be wider than the other. 
The tube, in which, for inſtance; the quickſilver 


ſtands one inch high, may be eight times as 


wide as the other, in which the water ſtands 
fourteen 


w 
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fourteen inches high. The one inch high co- 
lumn of quickſilver has therefore eight times as 


much maſs, as the water- column of fourteen 
inches high. So that it appears, as if the water- 


column could not maintain its height of fourteeri 
inches againſt the preſſure of the quickſilver. 


But did the quickfilver in an inftant fink down 


a line in its tube, the water in the ſame inſtant 
muſt riſe eight lines in its tube. And thus the 
initial velocity of the quickſilver in its tube 
would be to that of the water in its tube, as 1 


to 8, F. 27. What therefore the water wants 


in maſs, is compenſated by the velocity: And 


what the quickſ Iver has in maſs above the Wa- 


ter, it loſes in velocity. 
$. 67. A fluid in which a ſolid is to plunge, 
may be at reſt, and have ſo ſmall a coheſion of 


its parts, as that in regard to the gravity of the 
ſolid, it may be conſidered as nothing. Now if 


ſuch a fluid is of the lighter ſpecies, and the ſo- 
lid plunged or immerſed therein, of the heavier, 


it quite plunges in, when left to its weight; but 
loſes ſo much thereof, as a part of the fluid, 


equal thereto weighs. For, being of a heavier 
fpecies than the fluid; a part thereof, in bulk 


equal to that of the ſolid, weighs leſs than the 
folid, §. 59. and thus by its re- action cannot 


reſtrain the ſolid in the act of plunging, $. 7. 
But ſo much as the part weighs, which the fold 
E 2 ..-_ ww 
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within the fluid drives out of its place, ſo ſtrongly 
it acts on the plunging. body, and thus cauſes a 
counterpoize to the ſolid, unable to fink. If, 
for inſtance, you hang, at each arm of a balance 
a cubic inch of lead in Rhinland meaſure, they 
weigh equally, and the tongue of the balance 
ſtands exactly in the middle. But if the cubic 
inch A be ſunk in ſpring-water, the cubic inch 
B at the other arm gives a bias. Baron Wolfus 
in his Uſeful Experiments, P. I. F. 7. relates, he 
found a cubic inch of ſpring- water to weigh four 
hundred ninety-five grains. So many grains 
therefore as a cubic inch of lead in Rhinland 
meaſure loſes in ſpring-water; ſo many muſt be 
added thereto, to make it weigh again as much 
as the other. 1 
A piece of lead of two cubic inches loſes 
therefore twice four hundred ninety-five grains, 
when plunged or immerſed in this water: For, 
it removes two cubic inches of water. Call this 
piece of lead B, and call another piece of a cubic 
inch A. And what A loſes in weight in ſpring 
water is to what B loſes in the ſame water as 1 
to 2. Now ſuppoſing both pieces of the un- 
equally weighing bodies A and B to be homo- 
geneous, and plunged in a homogeneous fluid of 
a lighter ſpecies; what the one A loſes in weight 
therein, is to what the other B loſes in the ſame, 
as the weight of the body A to the weight of 
=, the 
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the body B. Suppoſe A and B to be lead, and 
A to weigh thirty-ſeven pounds, and B three 


hundred ſeventy pounds. A loſes in the water 
five pounds, and therefore B fifty pounds. For, 
37: 370 :: 5: 50. And wanting to know the 
weight of B, and at the ſame time knowing it 
loſt fifty pounds; you will in like manner find, 
that the weight was three hundred ſeventy 
pounds. For, 5: 50: 37 © 970; ; 


$. 68. And thus the ſpecifick gravity of a 


fluid A. is to the ſpecifick gravity of a folid B of 
a heavier ſpecies, as what B loſt in weight in the 
fluid, is to its entire weight. For inſtance, lead 
loſes in water ſomething more than the 11th part 
of its weight. And thus the gravity of water is 
to that of lead, as 1 to 11: as a cubic inch of 
lead weighs eleven times as much, as a cubic 
inch of water. 
$. 69. As a denſer matter is of a heavier 


ſpecies than a rarer, $. 59. So a body of a 
heavier ſpecies loſes in a denſer fluid, more of its 


weight than in a rarer fluid. A cubic inch of 
lead in Rhinland meaſure loſes in ſpirits of wine 


leſs than four hundred ninety-five grains. 
$. 70. As therefore what a body loſes in 


weight in one fluid A, is to what it loſes in ano- 


ther fluid B; ſo is the denſity and gravity of the 
fluid A to the denſity and gravity of the fluid 


B. And thus the gravity of ſpring - water is co 


E the 
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the gravity of ſpirit of wine, as 640 to 544, as 


Baron Wolfs ſhews in the quoted place, F. 184. 


The inſtruments which theſe enquiries are made 
with, are called arcometers, to which belong hy- 


drometers and ſalt-gages, of which Wolſius treats 
in the cited book, F§. 207—211, and Leupold in 


his Theatrum ſtaticum univerſale, P. II. c. 6 

§. 71. If two equally weiging bodies A and 
B; of which A is of a heavier ſpecies than B, 
are plunged in one and the ſame fluid; A loſes 


| leſs of its weight than B. For, though A is 


equal to B in weight, yet in bulk it is leſs than 
B. And ſo a leſs quantity of fluid reſiſts the 
body A, §. 67. 

What a body A of a heavier ſpecies loſes in 
a fluid, is to what a body B of a lighter ſpecies 
loſes in the ſame fluid, when both are of equal 
weight, as the bulk or volume of the body A 
to that of the body B, §. 67. As if A has 1, 


| and B 4 cubic inches in bulk, fo A in ſinking 


removes 1, and B four cubic inches of water. 
And thus what A loſes would be to what B 


loſes, as 1 to 4, 


As the ratio of the volumes is e | 
from the ratio of the weights loſt by equally 
weighing bodies, which differ in ſpecific gravity; 
ſo the preceeding propoſition may be converted, 
Namely, the bulk or volume of a body, as B is 
to that of a body, as A, when both are of equal 


weight, 


Of BopIES on Bop IE Ss. 
weight, as what B loſt in weight in a fluid, to 
what A loſt in the ſame fluid. 


But now in bodies of equal weight A and B, 


the ſpecific gravity of the body A is to that of 
the body B, inverſely as the bulk or volume of 
B to that of A, F. 59. So that in bodies of 
equal weight the ſpecific gravity of the one A is 


to that of the other B, inverſely as what B loſes. 
in weight, is to what A loſes in weight. And 


thus by plunging or immerſing ſolids in one 
and the ſame fluid the ratio of their 9 0 5 gra- 
vities may be found. 

F. 72. And thus if a body given out for 
an unmixed or unalloyed metal, loſes in water 


either more or leſs of its weight, than a piece of 


equal weight of pure metal, given out as ſuch; 
in the firſt caſe it is alloyed with a metal of a 
lighter, and in the ſecond, with one of a heavier 


ſpecies: And knowing the ſpecies of the alloy- 
ing metal, you may find how much thereof is 


contained in the given body, on obſerving the 
rules, by which Archimedes diſcovered the quan- 


tity of ſilver uſed in the crown; for making 


which king Hiero or Gelo of Syracuſe gave a gold- 
fmith pure fine gold. Vitruvius relates the ſtory, 
lib. 9. c. 3. of his Architecture. Archimedes 
took a piece of pure gold, and a piece of pure 


ſilver, weighing each as much as the crown. 
Theſe three bodies of equal weight he plunged 


1 . 
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| in water, obſerving what weight each loſt in the 


water. The weight loſt by the piece of gold he 
deducted as well from the weight loſt by the 
piece of ſilver, as from that loſt by the crown, 
The overplus of the weight loſt by the crown 
pver the weight loſt by the piece of gold he 
multiplied by the weight'of the crown; and the 
product thence ariſing he divided by the over- 
plus of the weight loſt by the piece of ſilver 


over the weight loſt by a piece of gold of equal 


weight. The quotient thence ariſing ſhewed the 
weight of the ſilver, mixed with the gold in the 
crown. We will ſuppoſe, the goldſmith received 


_ eighteen pounds of pure gold, reckoning the 


pound at thirty-two loths or half ounces, and 


that he made a crown 18 Ib. in weight. A piece 
of pure gold of 18 lb. loſes in water 32 loths, 


and a piece of pure ſilver of 18 lb. loſes in the 
ſame fifty loths of its weight. We will ſuppoſe 


the crown loſt in the water 44 loths of its 
weight. And deducting 32 from 30, the over- 
plus of what the piece of ſilver of 18 lb. loſt in 


weight over what the piece of gold of 18 lb. 
loſt of its weight, is 18 loths. And deducting 
32 from 44, the overplus of weight loſt by the 


crown of 18 lb. over the weight loſt by the piece 


of gold of 18 Ib. is 12 loths. And thus multi- 


plying 12 loths by 18 1b. or 576 loths, the pro- 
duct is 6912 loths; And dividing this product 


by 
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by 18 loths, the quotient is 384 loths, aud con- 
ſequently 12 lb: So much ſilver therefore was 
mixed with the crown. As the overplus, 18 
loths, ariſes from 18 lb. of ſilver; ſo the over- 
plus, 12 loths, ariſes from 12 lb. of ſilver. The 

overplus 18 loths, is an effect of the 18 Ib. of 
ſilver, as a whole; and the overplus, 12 loths, 
an effect of the 12 lb. of ſilver, as of a part of 
the whole. Now as a whole A of the ſame 
ſpecies is to one of its parts B; ſo alſo is the 
effect of the whole A to the effect of this its 
part B. Or, there is one and the ſame ratio 
between the whole and a determinate part there- 
of, and between the effect of the whole, and the 
effect of its determinate part. Thus, 


. . ks 
18: 22: 15 5; 


The general rule by which we 5 find the 
quantity a body, mixed up of two ſorts of known 
metals, contains of each of both metals, conſiſts 
thus in the following particulars. Seek the 
quantity of weight, which as well a piece of 
metal of the lighter ſpecies, of equal weight 
with the alloyed body, as alſo a piece of the 
heavier ſpecies, of equal weight with the ſame 

alloyed body, and that which the alloyed body 
itſelf loſes in water. Seek the overplus, by 
which the weight loſt by the piece of metal of 
the lighter ſpecies, exceeds the weight loſt by a 


piece 
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piece of metal of equal weight, of the heavier 


ſpecies; as alſo the overplus, by which the 


weight loſt by the alloyed body exceeds the 


weight loſt by the piece of metal of the heavier 


ſpecies. Multiply this ſecond overplus by the 


whole weight of the alloyed body, and divide 


the product thence ariſing, by the firſt overplus. 


And the quotient ſhews the quantity of metal of 
the lighter ſpecies, that was mixed among the 
metal of the heavier ſpecies in the given body. 
The demonſtration of this rule Baron H/olfus 


gives analytically in his Elementa Hydroflatice, 


S. 81. 
It is not even neceſſary to plunge in water a 


piece, equal in weight with the body, of the two 


metals mixed together therein. As you may 


take a piece of each, that weighs leſs than the 


mixed body, and by the rule of three ſeek how 
much this metal would loſe of its weight in wa- 
ter, were its weight equal to that of the mixed 
body. For, the leſs piece, and the greater, 
which weighs as much as the mixed body, are 
two unequally heavy bodies A and B, conſiſting 
of one and the ſame matter, If two ſuch bodies 
are plunged in one and the ſame fluid, which is 


of a lighter ſpecies than they are; the weight 


loſt by the body A is to that loſt by the body 


B, as the weight of the body A to that of the 


body B, F. 67. And thus knowing the weight 
0 : of 
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of A, and what it loſt in water, and the weight 


of B, we may find by the rule of three the 


weight which B muſt loſe in water: As 37 lb. 
of tin loſing 5 Ib. in water, 120 lb. loſe therein 
16 ů Fer, 37 as:: i © 

If a piece of metal mixed up of two metals 
has a ſmall weight, as a ſilver coin alloyed with 


copper: In order to find the quantity of each 


metal contained in the entire piece, we require 
a hydroſtatical balance, ſuch as that invented 
by M. Leutman of Peterſburgh, and therefore 
called the Peterſburgh balance, and deſcribed in 
the Commentarii Academiæ Petropolitanæ, T. II. 

P. 64. It conſiſts of a long and a ſhort arm. 
The ſhorter is to the longer as 1 to 8. But the 
weight in the ſcale of the ſhorter arm is to that 
In the ſcale of the longer, as 8 to x. And thus 

the balance ſtands with its beam level. So that 


if the ſcale of the ſhorter arm has eight drams, 
the ſcale of the longer need have only one, for 


the balance-beam to ſtand level. The weight 
with which a body is weighed at this balance, 


is thus eight times greater than the body. Its 


advantage is this: Were, for inſtance, a dram, 
eight of which make an ounce, or two loths, 
divided into a hundred parts, inſtead of the dram 
you divide an ounce into an hundred parts. 
And ſo a hundredth part of an ounce effects 
even what a hundredth part of a dram doe3. 

Now 


1 


% 
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Now as a hundredth part of an ounce is ſenſible, 


ſo a hundredth part of a dram may be diſtin- 


guiſhed thereby, which would otherwiſe remain 
undiſtinguiſhable and inſenſible. What advan- 


tage this balance is of in examining metals hy- 


droſtatically, M. Leutman ſhews in the Commen- 
tarii Academiæ Petropolitane, T. III. p. 138, &c. 
Two pieces of metal mixed up, for inſtance, of 


ſilver and copper, may have one and the ſame 


weight, tho' the one have more copper than the 


other; and the difference of the weight, which 


they loſe in water, may notwithſtanding be un- 
obſervable. As fifteen loths of ſilver mixed up 
with one loth of copper, make 288 grains, 18 
of which are reckoned to a loth: And fourteen 
loths of ſilver, mixed up with two loths of cop- 
per, alſo make 288 grains, Now on knowing 
how much a piece of ſilver of 100 1b. and a 


piece of copper of an equal weight loſe in water 


of their weight, and conſequently weigh therein, 


and reckoning by Archimedes's rules; in the ex- 
amples adduced, the 288 grains of the firſt mix- 
ture muſt weigh in water 260 %; and the 288 
grains of the ſecond, 259 3535 grains. On a 


common balance the difference is not eaſily diſ- 
tinguiſhable. And leſs ſtill can it be diſtinguiſh- 


able thereon, when the one mixture conſiſts of 
fifteen loths of ſilver and one loth of copper; and 
the other of fourteen loths, and ſeventeen grains 
| 8 5 
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of ſilver, and one loth and one grain of copper. 
The difference conſiſts in n grain. For, the 
firſt, as was juſt mentioned, weighs in water 260 
er; the laſt on the contrary, 260 r grains. 
How then is it poſſible to find the difference by a 
common balance, between the ſilver and copper 
in coins of ſmall weight? But how to difcover it 
by the Peterſburgh balance, and conſequently the 
addition or alloy of copper in a ſilver coin, M. 
Leutmen teaches in the laſt mentioned place. 
$. 73. If a ſolid is plunged in a fluid, of one 
and the ſame ſpecific gravity therewith; it loſes 
its entire weight, and plunges quite, and remains 
ſtanding therein, whitherſoever puſhed. For, a 
part of this fluid, bulk for bulk equal to. the 
ſolid, weighs as much as the ſolid, $. 59. And 
| thus the weight, with which the part of the fluid 
which it removes, acts on it, is equal to its entire 


weight. Then it plunges quite in. For, preſſing 


on a column of the fluid, F. 65. the weight of 
the column will be ſo much increaſed, as is the 


weight of the ſolid. So that the other columns 


mult yield. And thus this column ſinks with 
the ſolid preſſing upon it. This ſinking. and 
riſing laſt ſo long, till the column on which. the 
ſolid preſſes, ſtands in æquilibrio with the other 
.columns. And this muſt happen, till the plunged 
body ſtands equally high with all the columns 
55 the fluid. For, having therewith one and the 
| | ſame 
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ſame ſpecific gravity, it is all one as an equal 
part of the fluid, F. 63. And therefore puſhing 
this. ſolid into any part of the fluid, it there re- 
mains ſtanding. For, it is the very ſame thing 
as an equal part of the fluid, ſtand it either 
above, in the middle, or below in the fluid. 

If a ſolid is laid on a fluid of a heavier ſpecies 
than itſelf, only a part thereof plunges in. For, 
a part of the fluid, bulk for bulk equal to the 


ſolid, weighs more than the ſolid, §. 59. Its 
weight may be to that of this part, as 1 to 2. 


So that the ſolid can ſink only about halt. For, 
it can only ſink in quite, when in weight equal 
to the weight of a part of the fluid of equal bulk; 


that is in weight to that of the fluid as 1 to 1. 


From this it appears, that a part of the fluid, 
equal in bulk to the immerſed part of the ſolid, 


weighs as much as the entire ſolid. 


$. 74. A body ſwims or floats, which ſinks 


not to the bottom by its weight, to which it is 


reſigned in a fluid, and which in this ſtate con- 


tinues to move. If plunging quite in, it ſwims 


or floats in it. If not quite, it floats on its ſur- 
face. If a body retains its maſs, but comes to 


ſuch a ſtate, as to act therewith againſt ſo many 


parts of a fluid, as that the weight of the fluid is 


either equal to that of the body, or exceeds it; 


in both caſes it is capable of floating. For, in 
no calc can it fink to the bottom in this fluid. 
— 
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Suppoſe a cubic inch of metal, when ſolid 


throughout, to fall to the bottom in water. But 


changed to a hollow ball or ſphere, whoſe cavity 


Contains a greater weight of water, than itſelf 


weighs; it may float therein. For now the maſs 


of metal, which before was contained in the cu- 
bic inch, has acquired ſo much bulk, as that 


the weight of the portion of water, againſt which 


it is to act, when come into the water exceeds its 
weight. An inflated calf's bladder contains to 
the quantity of ſixteen pounds of water. And 


thus a body of ſixteen pounds lying in water 


may be made to float, on binding ſuch a bladder 
thereat, a inflating it in the water. A fiſh riſes 


and ſinks in the water; as in the firſt caſe he 


enlarges his air- bladder; and in the ſecond con- 
tracts it. Let a ſquirt, in which the piſton is 
puſhed quite home, be hung at one arm of a 
balance, and the under opening be ſhut, througlr 
which otherwiſe the water forces, and let the 
ſquirt be plunged ſo deep under water, as to 
cover ſtill the rod of the piſton, were the piſton 
quite pulled up. But while the ſquirt hangs ſo 


deep under the water, and the piſton ſtands in- 


ternally on its bottom, let a weight, equal to the 
weight of the ſquirt hanging in the water, be 
laid on the ſcale at the other arm. While the 
piſton reſts on the ſquirt, the ſpace above it in 
the ſquirt is filled with water. Let the rod be 
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pulled up; and the water above the piſton in the 
ſquirt will be forced out, and between its bottom 


and the piſton a ſpace void of water left. S 


that the ſquirt will be lighter, and the weight at 
the other arm of the balance give a bias. Borel- 


tus in his de motu animalium, P. I. prop. 222 ſeq. 


deſcribes a diving machine, in which a man by 
means of an inſtrument reſembling a ſquirt, 
may go down into the ſea, and again come up: 
And in prop. 224. a boat, which in like manner 


may be brought under water, and move therein. 


$. 75. A fluid, in which a body by its weight 


fully immerſes, acquires ſo great an acceſſion of 


weight as the immerſed body loſes of its weight: 
For, the immerſed body removes a part in the 
fluid, equal bulk for bulk. This part it re- 
moves, if acting againſt it with a weight, equal 
to the weight of that part. And therefore it is 
the ſame thing, as if the fluid had acquired ſo 
much matter of its own ſpecies, equal to the 
ſpace occupied by the immerſed body. 

FS. 76. And thus a fluid acquires from a body 
of a lighter ſpecies A, that by its weight quite 
immerſes, a greater weight, than from a quite 
immerſed body B. of a heavier ſpecies, when 
both weigh equal. For, A loſes in weight more 


than B, F. 71. For inſtance, a veſſel of water 


gains from 18 lb. of ſilver fifty loths, and from 


18 8 lb. of gold only . -two loths, when both 
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bodies are plunged quite into * . and | 


hung at a ſtring, ö. 72. 
If a body, when fully left to its wala reſts 


on a fluid, the weight of the fluid will be in- 


creaſed by its whole weight. For, it acts mu 


its entire weight againſt the fluid. _ 
If ſuch a body is made to plunge and fink, 


the weight which the fluid gains from it, may 


be thereby increaſed and diminiſhed. Increaſed, 


when the body reſting thereon, retains its bulk 
or volume, and by an appended weight is im- 


merſed and ſunk. It may, for inſtance, in 


plunging, force a cubic inch of fluid out of its 
place. What this cubic inch weighs, with ſo 


intenſe a weight the appended body muſt a& 
againſt the fluid. And with this weight, the 
weight of the fluid is thus increaſed. Diminiſh- 
ed, when the body reſting thereon, retains its 
weight, but its bulk is ſo leſſened, as that a part 


of the fluid, of equal bulk, weighs leſs than it. 


For, in this manner the body loſes only a part 
of its weight in the fluid, F. 67. And thus now 
| leſs weight accrues to the fluid than before. For 


inſtance, were a cubic inch of lead changed to a 
hemiſphere, whoſe cavity holds a greater weight 
of water than the ſphere itſelf weighs; it would 


reſt on the water, and with its whole weight 

- preſs thereon. Were this ſphere with its full 

weight changed again to the former cubic inch; 
Yor L F it 
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it would fink in the water, and take from it the 


weight before communicated, to the quantity 


of weight it loſes as a cubic inch in the water. 
Baron Welfus illuſtrates this by an experiment, 


which he deſcribes in his Uſeful Experiments, 
P. I. F. 194. Let a tube ſome ells long, be 


ſuſpended at a balance, and filled with water. In 


this water let a cylinder of lead be hung, 


faſtened with a thread at the handle, with which 


the tube hangs at one arm of the balance. On 


"the ſcale at the other arm let a weight be laid 
equal to the weight of the tube, water and cy- 
linder. When the tongue ſtands even, you burn 
off the thread with the flame of a wax-candle. 
So ſoon as the cylinder drops, the arm, at which 


the tube hangs, riſes, and the other ſinks down. 


But when the cylinder reaches the bottom of 


the tube, the balance returns to its former ſtate 


again. The cylinder hanging at the thread, 


unites its weight with the water and the tube. 


"Which is all one as if a hollow ſphere weighing 


equal thereto, reſted therefore looſe on the wa- 
ter, barely as its cavity could hold a greater 
weight of water than itſelf weighed. If the 
thread at which the cylinder hangs is burnt; 


the cylinder in the fall drives every way only a 


part of the water in bulk equal to its own bulk. 
So much as this part weighs, with ſo much weight 
the cylinder | in the fall preſſes againſt the water, 

and 
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and thus unites its over weight no longer with E 

| it and the tube. Which is juſt all one, as if the 
foregoing hollow ſphere, in weight equal to the 
weight of the cylinder, were changed to ſuch a 


cylinder, and left free to the wate. 
§. 77. If a body by its own weight unable to 
plunge quite into a fluid, is immerſed by an 
external force; it again riſes up when left to its 
own weight. For, the re- action of the fluid is ſo 


intenſe or ſtrong, as is the action of the external 


force on it, $. 8. But this action exceeds the 


action of the weight of the immerſed body. 


And thus too the reaction of the fluid exceeds 


the action of this weight. 


The fluid loſes thus again the weight ipod 
to it; and if cauſed by an appended body, you 
eaſe it, on untying, and ſuffering the body to 


deſcend by its weight; as the experiment pro- 
poſed by M. Leibnitz ſhews, and related in the 
memoirs of the academy of ſciences, in the, 
| hiſtory of the cauſes of the changes of the baro- 


meter. Let a metal ball be tied at each end 


of a thread. The one A ſo hollow as to float. in 


water, and at the ſame time ſuſtain the other B, 


which is ſolid, in the water. Both theſe balls 


you put into the water of the tube above de- 


| ſcribed, hanging at the other arm of the balance 


a weight, which is equal to the weight of this 
tube, and of the water, and both the balls. And 
x 2 | then 
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then you ſnip off the thread at which A and B 
hung. B drops down and finks, and the tube 
becomes lighter ſo long as B is deſcending. 


CHAP. Iv 


Of ELASTICITY. 


$ 78. F an unelaſtic body is thrown againſt 


an unyielding ſurface, it cannot recoil 


or move back. For the body is ſoft, and thus 


compreſſed in the throwing, F. 51. It is, be- 


ſides, unelaſtic, and thus has no force in itſelf to 
expand the compreſſed parts again to their for- 
mer ſpace, F. cit. Now ſo ſtrong, as by the 
throw, it acts on the ſaid ſurface, fo ſtrong this 
| laſt re· acts on it, $. 8. So that both body and 


ſurface are to be conſidered as parts of a ſingle 


body, acting equally ſtrong on each other. Con- 
| ſequently they hang together, F. 5. 


If the ſurface is either raiſed above the place 
from which the throw is made, as the cieling; 


or ſtands vertical, as the wall of a room: The 
body thrown will part from it by its gravity. 
But that is no reſilition or reflection, as what 
muſt ariſe from another action than that of gra- 


vity. = 
8. 
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F. 79. If therefore a body reſiles S a ſolid 
and immoveable obſtacle at which it is thrown; | 
this refilition 1 is a ſign of its elaſticity or ſpringi- 
neſs. If, for inſtance, an ivory ball is fo held 
at a thread, as to preſs barely by its weight on * 


marble table, done all over thinly with a fat 
blacking; on the ſurface turned towards the ta- 
ble, a ſmall black circle like 3 point is formed. 


But if let fall from a height of one or two ells 
on the table, it directly reſiles, and ſprings up- 
_ wards back from the table, and in the part of 


its ſurface on which it fell, is without any dent 
or pit; but exhibiting a much larger black cir- 
cle than before, when it touched the table with- 
out falling. From this it appears, that there it 


was ſtrongly compreſſed, but that again by its 


own force it fully expanded the compreſſed 


parts, and thereby the reſilition aroſe. But it 


muſt be owned, that in the marble table at the 


part on which the ball had hit, a ſmall pit was 
| made, but which is not to be obſerved, as the 


marble in like manner has 3 a certain 1 of ; i 
elaſticity. 


FY, 80. The fe. action of elaſticity is of the ſame | 
degree of ſtrength, as the action whereby an 
elaſtic body is compreſſed; or, whereby its co- 


hering parts are brought into another ſituation. 
For, the re action of elaſticity enables the force 


zent in the elaſtie body, to change the ſitua- 
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tion of its parts in a certain degree only, ſo long 


as it admits of compreſſion. In order to cauſe 
a greater change or compreſſion, a "Roger ace 
tion is neceſſary. 


$. 81. An elaſtic body admits the being com- 


preſſed only ſo long, as its parts can be brought 
nearer together. Touch they either each other 
quite; or are there no empty ſpaces or interſtices 
between, into which they may be brought; it is 


not poſſible to bring the body into a knaller 


compaſs. Now if the preſſion, whereby an elaſtic 
matter which is fluid, was brought into a nar- 
rower ſpace, is diminiſhed: The query is, what 
is the ratio of the narrower to the wider ſpace, 
into which the fluid expands by its elaſticity ? 


Above all things we are to enquire, whether this 
matter has in the compreſſion loſt any thing of 


what conſtitutes its elaſtic force; in the expan- 
ſion undergone either an increaſe or a decreaſe; 
or while the diminution of the particular 
preſſion laſted, acquired a new preſſion from 


any other matter. Hold none of theſe three | 
| particulars, and thus come only the preſſion and 


its decreaſe, and the action of elaſticity to be 


| conſidered, when the mattef expands itſelf; the 
narrower and. ſmaller ſpace is to the wider and 
larger, as the ſmaller preſſion” to the greater, 


Suppoſe, for inſtance, the fluid matter to be 
compreſſed in ſuch a Manger into a tube equally 
wide 


Of BopIES on BopIES. 
wide throughout by a four - pound weight, as to 
ſtand only three inches high. If this preſſion is 


diminiſhed about half, as that thus only 2 Ib. 


preſs on the elaſtic matter: this Jait ſtands now | 
fix inches high. As thus the ſmaller preſſion 2 
is to the greater 4, ſo the ſmaller ſpace 3 to the ” 
greater 6. For, the re- action of the elaſticity is 
always equal to the action of the preſſing weight 


F. 80. If therefore the action of the prefling 
weight diminiſhes; the re- action of the elaſticity 


will be leſs, and by its remaining action the 
ſpace of the elaſtic matter greater. The de- 
creaſing action of the weight is a leſs preſſion. 
And thus ſo often as the leſs preſſion is contained 


in the greater, ſo often contains the greater ſpace 


under the leſs preſſion, the leſs under the greater. 
So often as the greater ſpace contains the leſs, 
ſo often is the leſs contained in the greater. As 


thus the leſs preſſion on the elaſtie matter is 


to the greater; ſo alſo is the leſs ſpace to the 
greater. And again, as the greater preſſion is to 
the leſs; ſo is the greater ſpace to the leſs. We 


therefore find the greater ſpace, on multiplying 


the greater preſſion by the leſs ſpace,” and divid- 
ing the product by the leſs preſſion. - The leſs 


ſpace we find, on multiplying the leſs prefſian 


by the greater ſpace, and dividing the product 

by the greater preſſion. As ſtand the elaſtic 
matter in the above tube ſix inches high, while 
* 9 
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2 lb. preſs thereon; and you aſk, how high the 
matter would ſtand, if 41b. preſſed thereon; 


you find three inches height. For, the product 


of the leis preſſion 2, and the greater ſpace 6, is 
12, which divided by the . 4, the e 


E 18 g* h | 0 


. 5 
The leſs the ſpace into which an elaſtic mat- 
ter is preſſed by a greater weight, the denſer it 


is therein. As thus the greater preſſion, whereby 
an elaſtic matter is compreſſed, is to a leſs; ſo is 


its denſity when bearing the greater weight, to 
its denſity when under the, leſs weight. For in- 


tance, if the greater preſſion i is to the leſs, as 4 


to 1; ſo the denſity under the greater is to that 
under the las as 4 to 1 too. Or, if the leſs | 
preſſion is + of the greater; ſo the denſity under 

the leſs preſſion is alſo + of the denſity under 
the greater. But this ratio in like manner, holds 
under the ſame condition, that the ratio. af the 


ſpaces was determined by above. 


$. 82. The elaſticity of an elaſtic body, com- 


preſſed into a leſs ſpace, is to its elaſticity, when 


occupying a greater, inverſely as the greater to 
the leſs ſpace. For, the elaſticity of a com- 
preſſed matter is always equal to the preſſion, 


FS. 80. And thus the elaſticity of an elaſtic body, 


preſſed into a leſs ſpace, is to its elaſticity, when 
more at large, or taking up ia greater ſpace, as 
5 | the 
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the preſſion, whereby it is reduced to a leſs 
| ſpace, to the preſſion, which it ſuſtains in the 


greater ſpace. But the greater preſſion on it in 
the leſs, is to the leſs preſſion in the greater 


ſpace, inverſely as the greater ſpace to the leſs, 


$. 81. For inſtance, ſuppoſe the leſs ſpace to 


the greater, as 1 to 2, and the preſſion, whereby 
an elaſtic matter is reduced to the leſs ſpace, to 


be to the preſſion on it in the greater, as 2 to f: 


The elaſticity of the matter in the leſs ſpace 1, 


is to the elaſticity in the (ear: 2, as the — 
ſpace 2 to the leſs 1. 


§. 83. Stand the line HC, fig. 4. plats IL in 


which a body ſtrikes againſt another C, perpen- 


dicular to its ſurface A CB; or form with the 
line AC B, which it touches, a right angle on 


both ſides, that is an angle of ninety degrees; 


the ſtroke or ſhock is called direct. But form 
the line DC, in which a body impinges on C, 
an oblique angle at C with the line AC B; the 
ſtroke is called oblique. The angle DCA is 
denominated oblique, when its adjoining angle 
DCB is unequal to it. DCA is under ninety 


degrees, and called acute; DCB above ninety 


degrees, and called obtuſe. The ſtroke of a ball 


on another 1s direct, fig. 6. plate IX. when the 


line APM, in which the ball AB impinges on 
the ball ab, paſſes thro? the centres of both balls 
P and M. But happen the flroke in a line, that 


k 
8 — 
* 

— 
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goes to one ſide of the centre of the one ball, as 


in the line SC, it is called oblique. 
$. 84. A perfectly elaſtic body H, fig. 4. 


plate II. impinging directly on a body C, that 


neither yields nor gives, reſiles or is reflected 
directly back from C, and finiſhes its retrograde 
courſe with the very ſame celerity with which it 
impinged. For, the re- action of the body C 
happens in the perpendicular line CH, in which 
the action happens. So that the elaſtic body is 
compreſſed in the line CH, and thereby the 
elaſticity excited. The re- action of the body C 
is equal to the action of the impulſe. For the 
body neither yields nor gives. And thus too 
the elaſticity is equal to the action of the im- 
pulſe, F. 80. And thus it tends with an equal 
degree of ſtrength or intenſeneſs, again to ex- 


| pand the compreſſed body, as what it impinged 


with. But it can only expand in the line CH 
in which it impinged; as the body C neither 
yields nor gives. And therefore the retrograde 
motion or reflection muſt happen in the line of 
impaction, and be equal to it in velocity. 

A body is called perfecily elaſtic, when its com- 
preſſed parts expand in ſuch a manner, as com- 
pleatly to fill up again its former ſpace, on the 
entire ceaſing of the action of the cauſe of com- 
preſſion. 3 3 | 
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8 85. If a perfectly elaſtic ball A, fig. 5. 
plate II. directly impinges on one at reſt B of an 


equal elaſticity and maſs; A ſtands fill after the 


ſtroke, and B proceeds in the line in which it 
was impelled, with the very ſame celerity as A 
had in the ſhock. If we conſider only the maſs 


and celerity of an elaſtic body, we may regard 
it as without elaſticity. And therefore in order 


to examine the actions of two elaſtic bodies; we 
are firſt to attend to the action, ariſing from 
their maſſes and celerities and then to that 
from their elaſticity. A and B have equal 


maſſes. A moves, and has a certain degree of 


celerity: But B is at reſt, and has none. Now 
in ſo far as A without elaſticity acts on B by its 
maſs and velocity; and B without elaſticity re- 
acts with equal maſs, but without velocity; the 
conatus of the body B to continue in its ſtate of 
reſt is leſs than the conatus of the body A, to 


force it out of its ſtate of reſt. And thus B 


moves in the line in which it is impelled by A 
§. 7. The force whereby the ſingle maſs A 
moved before the ſhock, moves now after the 
ſhock à double maſs. But the Power, 1s not 
increaſed: Nor is it diminiſhed. For, B re- acts 
barely by its maſs; and A has an equal maſs, 
And thus the body A loſes the half of its celeri- 
ty, and B gains the other half. As A 1e 
on B, B will be compreſſed, as being elaſtic. 


But 
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But B will be compreſſed barely by the force, 
which A ſtill retains for its motion, | This is 
the force of its half velocity. With equal force 


B re- acts by its elaſticity, $. 80, and thus com- 


preſſes the body A in like meaſure. And hereby 
A is deprived of the remaining half of its velo- 


city. But as B loſes not the half velocity im- 
parted to it, becauſe it is compreſſed by A; ſo 
B may proceed therewith. Conſequently alſo 
the compreſſed body A may expand again to- 
wards B. And hereby it gives the Body B a 


new velocity; which is the other half. F or, the 


body was compreſſed by a force of the half ve- 


locity. And thus B gains the whole velocity 


with which A impinged on it. 


$. 86. Impinge two balls A and B of equal 


elaſticity and equal maſſes, in directly oppoſite 


directions with unequal velocities on each other; 
they ſpring back from each other with inter- 
changed velocities, fig. 5. plate II. As be the 
velocity with which A impinges on B, greater 
than the velocity with which B ſtrikes on A. 


As B withſtands the i impinging body A; B is to 
be conſidered as a ball at reſt. So that it gains 


the velocity of the ball A. And as A with- 


ſtands the incurring body B; A is to be conſi- 


dered as a ball ar reſt. So that A gains the 
velocity 25 the ball B, 8. 8 5. 


oy 
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$. 87. In a row of balls at reſt, 1, 2, 3, 4, of 
4 elaſticity, and equal maſſes, and in contact 
one with another, the laſt ſprings back, when a 


diſtant ball C, equal to each in maſs and elaſti- 
City, ſtrikes directly on the ball x. C itſelf af- 
ter the ſhock ſtands ſtill, fig. 6. plate II. This 
loſt happens therefore, becauſe it ſtrikes on the 
ball 1 at reft. Hereby the ball 1 gains an 


equally ſtrong tendency to proceed in the line, 


in which it was ſtruck. But it is in contact 
with the ball 2 at reſt. Conſequently the ball 
1 loſes its whole tendency, and the ball 2 gains 


a tendency to proceed, which is equal to the 


| tendency of the ball 1. At the ball 2 lies the 
ball 3 at reſt. So that the ball 2 is deprived of 
its full tendency, and on the contrary the ball 3 
gains one equal thereto. * But too this tendency 
_ ceaſes inſtantly in the ball 3, as being in contact 


with the ball 4 at reſt. And thus the ball 4 
gains the tendency, which from the impinging 
body C was carried to it. The ball 4 is no 


further in contact with any. So that inſtantly, | 


hen C impinges on the ball x, it proceeds with 
that very velocity 1 5 C has in the impulſe, 
$. 85. 

$. 88. Impinge on the firſt ball 1, and the 
laſt ball 4, at the ſame time two elaſtic balls C 


and D; both equal to each ball in the row, 1, 
2, 3, 4» in elaſticity and maſs, in direct direc- 


tions 


77 


Of the mutual AcTIoNs 


tions with unequal velocities; C ſprings back 


with the velocity of the ball D, and D with the 
velocity of C, fig. 6. plate IT. For, the ball 4 
gains the velocity of the impinging ball C, $. 
87. Now as in the ſame time the ball D runs 
on the ball 4; the velocity paſſes from the ball 
4 to D. So that D runs back with the velocity 

with which C ran on the ball 1. At the ſame 


time the ball 1 acquires the velocity of the im- 


pinging ball D. This velocity paſſes from the 


ball 1 to the impinging C. And thus C runs 


back with the velocity, wherewith D ran on the 


ball 4, F. 86. 


§. 89. If a body is impelled with one and the 
ſame force, now in an oblique line DC, again in 


a perpendicular DA againſt a ſurface ACB, fo 
that all the way the force remains unchanged; 
the oblique ſtroke which the ſurface ſuſtains in 
C, is leſs than the direct in A, fig. 4. plate II. 


For in the oblique ſtroke DC, which the ſurface 

undergoes in C, the body acts therein only with 
a part of the force, with which it is impelled 
in DC. Which is evident hence: The force 


wherewith the body is impelled in DC, is to 

be conſidered, as conſiſting of two conſpiring 
forces; one of which impells the body in the 
line DA; the other in the line DH; and hat 

is to zhis, as the line DA to the line DH, S. 13, 


ſeq. The line DA ſtands perpendicular on the 
1 ſurface 


po -X ww  ﬀ 
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Garface AC, whereas DH is parallel to the ſur- 


face AC. As parallel lines once diſtant aſun- 


der, never come in contact ſo long as they con- 


tinue parallel; the force impelling the body in 
DH cannot act on the ſurface AC. So that 


barely the force, by which the body is impelled 


in DA, acts thereon. This torce is only a part 
of the whole force, which impells the body in 
the oblique line DC. And thus the body in 
the oblique ſtroke acts only with a part of its 
force on the ſurface. But then if the body is 
impelled in the perpendicular DA with the 
whole force, which impels it at firſt in the ob- 
lique line DC; it acts with this whole force on 
the ſurface. For, as the whole force acts in 


D A, and DA touches the ſurface in A; ſo alſo 


A will be impelled by the whole force. 


The angle DCA, which the oblique line 


DC, in which the body has its oblique direction, 


forms with the line CA, is called the angle of 


incidence, and the oppoſite ſide DA, its ſine. 
As DA forms at A with AC a right angle, the 
oppoſite ſide or line DC is to be conſidered as 


the whole ſine. DA exhibits the part of the 


force, from which the oblique ſtroke ariſes; and 
DC the whole force, which produces the direct 


ſtroke. And thus the oblique ſtroke in C is to 
the direct in A, as DA the ſine of the angle of 
incidence DCA, to the whole fine DC. It, - 


for 
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for. inſtance, the angle of incidence DCA Is 
thirty degrees; the oblique ſtroke in C is to the 
direct in A, as 1 to 2. For, the fine of thirty 


degrees is to the whole ſine, as 5000000 to 
10000000. And thus the body ſtrikes on the 
ſurface in C only with half the power, with 
which it ſtrikes on the ſurface i in A. 


And thus if fig. 3. plate VI. two oblique 
ſtrokes, as one in SO; and the other in SO, 


are compared together; the ſtroke in SO is to 


that in SO, as the ſine of the angle of inci- 
dence S OH to the ſine of the angle of inci- 
dence SO H. As ſuppoſe the angle of incidence 


SOH to be 175 41', and the angle of inci- 


dence SOH 65*, 46*. The fine of the firſt 
angle is to the line of the ſecond, as 30375, 59 


to 91188, 14. And thus the ovlique ſtroke in 


SO is to the oblique ſtroke in SO, as 1 to 3. 
$. 90. If an elaſtic ball D, fig. 4. plate II. is 

thrown in the oblique line DC againſt a ſurface 

or plane ACB, that neither yields nor gives; 


it ſprings back in the oblique line CE on the 


other ſide: And the angle of incidence DCA is 


equal to the angle of reflection EC B. For the 
force, with which the ball is impelled from D 


to C, acts not wholly in C, conſiſting of two 
forces, which impel the ball at the ſame time 


along DA and DH. By the force DA the 


ſtroke happens ſo ſoon as * ball in its oblique 
7 courl. 


of Bovrzs-on.Bovins. 

coutſe- touches the plane in C. The other force 

D H is employed on the motion of the ball in 
CB, F. 89. As the line DA forms at A with 


Ada right angle; the ſtroke, which is made by 


the force, acting along it on the plane, is direct. 
This ſtroke happens in C, in which the ball 


impelled by the conſpiring forces, touches the 


plane; which is all one, as if impelled to C by 


the power in DA, along the line HC parallel _ 
to the perpendicular line DA: So that the bal! 


by virtue of its elaſticity, tends to ſpring: back 
from C in the perpendicular line CH, with the 
ſame velocity with which it advanced, §. 84. In 


this manner the ball, after the ſtroke, is impelled 5 


by two conſpiring forces in CH and CB. For, 
the force with which it was impelled in DH, it 


has retained entirely in the ſhock. And thus it 
is impelled thereby from C along CB. Now 


as theſe conſpiring forces, which act after the 


ſtroke, are equal to the conſpiring forces which 
acted before the ſtroke; and their lines of direc- - 
tion in like manner form a right angle: So the 


ball, after the ſhock in C, muſt continue its 


courſe from this point C along the diagonal CE, 


which with CB forms at C as great an angle, 


as CD does with CA at C. And here M. de 

Mairan's thoughts on reſilition or reflection are 

to be conſidered with attention; the hiſtory of 
Volt . „„ Which 
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which is yours in the memoires yas the academy 
of ſcienees. 


Wd cles ball i b ind Wick Gini 
others, as 1, 2, 3, and ftruck on directly by a 


ball B, fig. 7. plate II. it acts by irs ſpringineſs 


on all the adjoining balls at the ſame time; yet 
with this difference, that the ball 2, lying in a 


line with A and B, has the greateft ſtroke; the 


others a weaker, according to the obliquity of 
the lines. If at the balls 1, 2, 3 rows of balls 
lie; in each row the laſt ball rings been ſo ag 
as it is fruck on * „ | 
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Of the central Forces. l 
SSUMING a point C, fig. 8. plate 
II. about which a body may revolve, 


call it, with reſpec} to the curve line deſcribed 
about it, the centre. Now if a body has a co- 


natus to approach thereto; it is called a centri- 


petal force; but if a conatus to recede therefrom, 
a centrifugal force. The experiments whereby 


the doctrine of central forces is illuſtrated, and 
a machine well contrived for the purpoſe, the 


Abbe Nollet has deſcribed with uncommon diſ- 
4. ; tinctneſs 


: hn a — IP cw Fg NO: ww 


Of BopfEs « on BobiEs. 


=, tinctneſs in his Legons de hs que Experimentale, 


T. II. Sect. 2. 

uch a machine conſiſts of a virnieal banging 
wheel, and a table placed hotizontal. In order 
commodiouſly to bring it into a horizontal poſi- 


tion, at the foot-frame are ſcrews, by which it 


may be raiſed and lawered. On the table are 
two horizontal ſheeves or pulleys, with whirls 
or inciſions of different diameters, about which 


the ſtring goes, by means of which, the ſheeves 


may be turned by the wheel. The ſheeves are 
in the middle ſtuck on iron ſpindles. At the 


corners of the table are irons with round holes, 


and at the feet are irons with ſockets. Through 
the round holes of the upper irons the ſpindles 
are ſtuck, which with their points reft in the 
ſockets of the under irons. The diſpoſition of 


this machine is exhibited fig. 8. plate XIII. 
The moveable ſheeves with the whirls or inci- 


ſions are not to be ſeen in the figure, as other 


larger ſheeves ſtand over them, which are faſtened 
on the leaf of the table, of which mention will 


be made below. 
$. 92. If a body A fig. 8. Ole II. reſting on 


a ſheeve or pulley, is brought out of its ſtate of 


reſt, and impelled towards D in the line AD; 
it recedes from the centre C. For, all the 
points after A in the line AD, are more diſtant 


from the centre than the point A, which is the 


3: extre- 
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dered as divided into leſs ones, with each a pe- 
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extremity of the radius AC. The dine AD, n 
which touches the radius in A. is called the a 
tangent of the circle. And therefore the force t 


with which a body is impelled in the tangent, is 


with which a body A is impelled in the 222 8 
a centripetal force. 5 
9. 93. If a ſheeve or ball turns round its centre; 
all the parts without the centre, acquire a cen- 
trifugal force. For, each ſheeve may be conſi- 


culiar periphery; and a ball too into a number 


of ſheeves. Suppoſe the periphery to be AFBA, 


fig. 8. plate II. and A to be the place of one 
part. The firſt ſtroke or impulle, whereby the 
ſheeve or ball is to move, happens in, a right 
line, forming with the radius AC of the ſheeve 
a right angle, F. 10. And thus the beginning 
of the motion happens in the tangent AD, F. 
ON. 


Faſten with wax a metal ball on the rim of a 


horizontal ſheeve, which ſtands on a ſpindle, 
and may be turned round by the wheel of the 


machine exhibited fig. 8. plate XIII. And cut a 


round hole in another ſheeve, ſo as to give room 


to the horizontal ſheeve therein, but no where to 
touch the internal periphery of the ſheeve thus 
cut out. This ſheeve with the hole, in which is 
the moveable one, is ſo faſtened down as to re- 


main 
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main immoveable on turning round the internal, 


and to be placed horizontal at an equal height 


therewith. On ſtrewing the immoveable ſheeve 


with ſand, and giving the moveable one ſo ſtrong 


a degree of motion, as that the ball muſt fly 


off; in the ſand on the immoveable ſheeve it 


deſcribes a line, which with the radius of the 
moveable ſheeve in the point, where "hi ball 
flies off, forms a right angle. 


F. 94. By the circular motion of a Maeve or 


ball therefore the centripetal force, by which its f 


parts are connected with the centre is weakened. 


For, as the centrifugal force ariſing from the 


circular motion, acts on the centripetal; ſo the 


centripetal acts contrary to the centrifugal; and 


thus by its action, with which it ſought to draw 
the parts of the ſheeve or ball towürde the cen- 


tre, muſt employ a part againſt the centrifugal | 


force. And this we call the weakening a force. 

$. 95. The quicker therefore a body revolves 
round a centre, the ſtronger is its ons 
W and the weaker its centripetal. 

9. 96. If two equally heavy bodies A EY! G, 
| fig. 8. plate II. revolve in two peripheries 
AFB A and GHNI, that bigger, and this leſs, 
fo as to finiſh their revolution in equal times 
with an uniform motion; the centrifugal force 
of the body A in the greater periphery is to that 


of the body G in the leſs, as the radius AC of 


(3 3 the 


ſheeve. At the ends A ane B of the plane two 
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the greater circle, to the radius G C of the leſs, 


that is, as the greater diſtance. of the body A to 


the leſs of the body G from C. For, as both 
bodies weigh equal, and finiſh their revolutions 


in equal times that is, AS each returns to the 


point from which it ſet out in the ſame time, in 


which the other returns to the point from which 
it began its revolution; ſo the difference of the 
centrifugal forces ariſes from the bare difference 
of the celerities, $. 38. Theſe celerities are only 
to be eſtimated by the peripheries, which A and 


G run over in their reyolutions; ſuppoſing the 
motion of each body in the, periphery it paſſes 


over to be always uniform, or one time no 
quicker than another. The celerity of the body 
A is thus to that of the body G, as the greater 


periphery AFB A to the leſs GI H, $. 27. But 
from the geometry the greater periphery is to 


the leſs, as the radius AC to the radius GC, 
that being the diſtance of the body A, and this 
the diſtance of the body G from the centre C. 


If therefore AC is to GC, as 2 to 1, the centri- 


fugal force of the body A is to that of 5 mon 
G, as 2 to 1. 4 
On a. rele qe a 1 em ht 


ſuch as that exhibited fig. 1. plate XIII. is ſo 


taſtened down by two ſcrews, that the centre C 
of the plane A CB comes on the centre of the 


boards 


EF ian A A po 
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boards AE and BD are ſet upright or perpen- 
dicular. Through theſe boards in E and D at 
equal heights from the plane ACB a braſs wire 
is drawn, which at D may be tightened. At 
this wire two equal balls of ivory F and g are 
_ ſtuck, readily ſliding to and fro in their holes, 
and tied together by a ſmall chain at braſs ears. 
If fo diſtant aſunder as the length of the chain, 
and the one has a ſtronger impulſe than the 
other againſt the board next to it, that other 
will be drawn along by it. This inſtrument as 
carrying the balls at the wire, is called a carrier. 
On the plane AC B a right line is dran at C, 
divided into two equal parts C A and CB, on 
each of which an equal number of inches is ſet 
off. Now if the balls at the chain, fully ſtrung, 
are removed equally diftant from the centre C; 
as that their equators ſtand above the lines 2 
and 2; and the ſheeve' turned round by a ſtring 
and wheel; the balls remain without ſhifting 
above 2 and 2, be the motion never ſo quick, 
| fo only it cauſe no quivering in the ſheeve. 
Each ball by the circular motion acquires a cen- 
trifugal force. But as the diftances of the balls 
from the centre C are mutually equal, and con- 
ſequently may be conſidered as two equal radii 
of a circle; ſo the centrifugal forces are alſo 
mutually equal. So intenſely therefore as the 
bal 125 is drawn by g towards D, juſt ſo * 
. | 
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is the ball g drawn. by F towards E. But if the 


balls are ſo placed, as that the one, for inſtance, 
Flies over 3, and the other nearer the centre C, 
Fr flies to E. and ſnatches g along with it. For, 
F being more diſtant from the centre C chan 2. 
has too a greater centrifugal force than g. 

§. 97, If two unequally heavy bodies are 
equidiſtant from: their centre, and move n 


=. ERS 


greater e Fool wah the 3 8. | 92. | 
fig. 1. plate XIII. If on the wire of the carrier, 
inſtead of two ivory balls you ſtick braſs ones f_ 
and g, of equal ſize, but ſo hollowed, as that 
the weight of the ball F is to that of the ball 


2, as 1 to 23 and bringing theſe balls at the 


ſtretched chain to equal diſtances from the cen- 
tre C; as that F ſhall lie to the left over the line 
3, and g to the right over the line 3; and turn- 
ing round the ſneeve on which the carrier is 
ſaſtened; the heavier ball 2 flies to the board D, 


and ſnatches the lighter along with it. 


Putting into a glaſs tube ſolid and fluid mat- 
ters, one of a heavier ſpecies than the other; 
for inſtance, a, lead- bullet, water and oil, ber. 


leaving a ſpace which the air fils up, ſtop up 


then the tube; fig. 3. plate XIII. Faſten this 
tube on the carrier AC B in an inclining poſi- 
tion. The lead bullet then occupies the under- 
moſt part at C, above it ſtands the water, and 


FES above 
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55 ſpace the air fills up. But if vou give the car 
rier a circular motion, this order, in which they 
ſtand above each other, before the carrier moves, 
is reverſed. The air takes the undermoſt ſpace 
quite to C, above it ſtands the oil, and over the 
oil the water, and the lead bullet riſes quite a- 

top. Water, oil and air, have indeed, in the 
circular motion a greater velocity than the lead-· 
bullet, as they are more diſtant from the centre 

C. But the weight of the lead- bullet exceeds 
that of an equal bulk of theſe fluids far more 
than the velocity of the lead- bullet is exceeded 
by the velocities of theſe matters. In like man- 
ner a part of water exceeds an equally heavy 
part of oil far more, than a part of water is ex- 
ceeded in velocity by an equal part of oil: And 
this holds, on comparing oil and air according : 
to their maſſes and velocities. 

If a hollow glaſs globe with ſmall ſhot, water 
and oil in it, is turned round its axis, the axis 
ſtanding horizontal: The ſhot applies to the in- 
ternal ſurface quite around in form of a broad 
ſtripe; the water has the form of a hollow ball, 
and the air fills up its internal ſpace. 

$. 98. But if the maſſes of two bodies moving 
together round a point, are to each other in the 
inverſe ratio of their celerities; their centrifugal 
| forces are n equal; fig. x7 plate HE 

Place 
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' Place the braſs ball f, whoſe maſs is 15 drerihe 


2, over i to the right, the chain being extended. 
IF the fheeve is turned round, neither moves out! = 
of irs place. For, they both acquire equal cen- 


trifugab forces. And: thus both ſeek to fnatch 


each other along with equal intenfenefs. For, 


by ſo much as the ball / is exceeded in weight 


by che ball E, by fo much is g exceeded by f in 


celerity. 'So' chat the centrifugal forces of both 
balls W as products from one and the fame 


$. 99. If a ball ANBS, fig. 2. kate XIII. 
whoſe parts together have an equal centripetal 


force or gravity towards the eentre C, while the 


ball is at reſt, moves round its axis NCS; the 


centripetal force or gravity of its parts will be 
moſt weakened in the equator, but ſtill leſs in 


the peripheries of the parallel circles, the nearer 
they are to the poles. This happens from two 
cauſes. Firſt, there ariſes in the equator a 


greater centrifugal force than in the peripheries 


of the parallel circles, ſuppoſing the bodies on 
the whole ſurface together to have one and the 
ſame maſs. For, the equator of a ball is greater 
than any circle thereof, running parallel with it. 


Nov if the parallel circles perform their revolu- 


tion in equal times therewith, the motion of a 
body in the equator is quicker, $. 27. and con- 
| ſequently 
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ſequently its centrifugal force ſtronger, than of 
a body in a periphery of a Parallel cirche, 
F. 95. And therefore the centripetal force, 
or gravity af a body in che equator, is a 
firſt for that reaſon more weakened, than of 2 
body in the periphery. of a parallel circle; as 
againſt the. gravity. in the equator a ſtronger 
centrifugal force acts than in a parallel circle. 
But fecondly, the centrifugal force acts in the 
equator on the whole gravity, which a body hay 
in it; and in the parallel circles only on a part 

of the gravity, with which a body in them has 

a conatus towards the centre. For, in the equa- 
tor the centrifugal force acts in the line AC in 
direct oppoſition to the gravity, which propels a 
body along AC, and thus diminiſhes the actions 
pf all parts of the gravity in AC. In a parallel 
circle, as ac, the line of direction of the gravity 
towards the centre is a C, and the line of direc- 
tion of the centrifugal force is ca. Both lines 
form at à an oblique angle. As the gravity acts 
along a C towards the fentre; it is all one, as if 
it conliſted of — forces, that acted 
along ad and ac, and were to each other as theſe 
lines, F. 13, ſeq. Now as the centrifugal force 
in ca barely acts againſt the force, with which 
the gravity along ac acts againſt it; it only di- 
- miniſhes the action of a part of the gravity. 
The action of its remaining part along ad re- 
maining 
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maining undiminiſned. Suppoſing therefore, 
the centrifugal force in ca ſo ſtrong as in CA; 
yet it would leſs weaken the gravity of the body 
in a, than if this very body were in A. So that 
the body in @ can loſe much leſs ſtill of its gra- 
vity by the centrifugal. force, ariſing in the pa- 
rallel circle ca, _—_— it is leſs than chat in che 
equator. aq 2 
Take on the ſurface of a ball or a two 
points: N' and 8, diametrically oppoſite, or diſ- 
tant from each other on the ſurface of the ſphere 
one hundred and eighty degrees, and draw from 
N through the centre C to S a right line N CS. 
This line is called the axis, and both its extre- 
mities N and S the poles of the ſpbere. Take on 
the ſurface of this ſphere two other points A 
and B, each of which is diſtant from a pole 
ninety degrees. So that from the point A, a 
right line A CB may again be drawn through 
the centre C to the point B. This is called the 
diameter of the ſphere. Deſcribe on the ſurface 
of the ſphere from A to B, and from B again to 
A a circle, by which the ſurface of the ſphere is 
divided into two equal parts. This circle is 
called the equator of the ſphere. The ſphere by 
this line is divided into two equal parts. The 
circle thence ariſing is a great circle of the ſphere, 
and its plane called the plane of the equator, and 
the circle itſelf 1 called the equator. Sup- 


| | 7 pole. 
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poſe the point 4 on the ſurface of the ſphere to 
be as diſtant from A, as 5 is from B; a ſegment 
of the ſphere between the points a and' b, gives 
riſe to a circle, whoſe plane is parallel to that of 
the equator, or every way equally diſtant from 
it; ſuch a circle is called a parallel circle, and 
has a leſs diameter than the equator, and there- 
fore is leſs than it. The points @ and þ in the 
periphery of a parallel circle are thus nearer its 
centre c, than the points of the equator A and 
B to its centre C. The centres of the equator 
and parallel circle are both to be found in * 
axis NCS. 

F. 100. A body G, in order to deſcribe a 
curve line about a point C, fig. 8. plate II. muſt 
be impelled by two conſpiring forces; the one 
of which is centripetal; the other centrifugal. 

Impelled only by a fingle force, it proceeds 
in a right line, as GE, $. 10. 

But impelled by two forces, a centripetal, 
and a centrifugal, but not conſpiring; and thus 
did the centripetal act from G to C, and the 
centrifugal from G to A; their lines of direction 
would come to be conſidered as parts of one 
right line. But acted thoſe two forces equally 
ſtrong on the body G, it would remain in its 
place: But acted the centripetal ſtronger than 
the centriſugal, it would run along the right 
line GC. On the contrary, acted the centrifugal 
ſtronger 


#5} 
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ſtronger than the centripetal z it would take its 


way along the right line G A. 


Were the body impelled by two conſpiring 
forces, the one of which were not centripetal, 


it would, indeed, in this compound motion de- 


ſcribe one diagonal after another, but from 


them only one right line would ariſe, $. 13. fig, 


4. plate XIII. Suppoſe, for inſtance, the body 


impelled by the one force from D to E, and by 


the other from D to G, and the velocity of the 


fiirſt force to be to that of the ſecond, as the line 
DE to the line DG: So that the body comes 
along the diagonal DH to H. Suppoſe the 


time it takes a ſecond. In H it is impelled by 
the conſpiring forces to I and L. Suppoſe the 


velocity of the force acting from H to 1 to that 
of the other, acting from H to L, as HI to 
HL. And thus the body in the following ſe- 


cond goes along the diagonal HM to M. Both 


diagonals MH and HD form one right line. 
And in it the body always removes further 
from the point C. Suppoſe the body were in 


d, and impelled by conſpiring forces to e and g; 
and the velocity of the firſt to that of the ſe- 


. cond, as the line de to the line dg; along the di- 
agonal 4h it would come to h. Suppoſe this to 


happen in a ſecond. Were it impelled in + by 
the two conſpiring forces to z and 1, the velocity 


of the firſt of which were to that of the ſecond, 


as 
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as hi to h; it would traverſe the diagonal 5C, 
and in the following ſecond come to C. Both 

diagonals Cb and bd are parts of one right line. 
And along it the body is carried to the point C, 
But if the one conſpiring force be conſtantly 
centripetal, fig. 9. plate II. whereby the body is 
always impelled to the point G; it deſcribes in 


the ſeveral parts of the time, in which it comes 


by means of the compound motion from A to 
d, different diagonals, which together form no 
right, but a curve line. The centrifugal force, 
which ſeeks to take off the body in a right line, 
muſt in that inſtant take another direction, as 


the centrifugal force each inſtant draws the body 


from the line, along which the centripetal acts, 
and draws or forces it towards the point G. As 
ſuppoſe the centrifugal force to have its firſt di- 
rection along AB, and if acting alone, might 
impel the body in the firſt inſtant to B; and the 
centripetal impel it in the firſt inſtant from A 
to m, if acting ſeparately. The velocity of the 


centrifugal force is thus to that of the centripe- 


tal, as AB to Am. And therefore the body 
goes along the diagonal A5, and in the firſt in- 
ſtant comes into the point 5, $. 13. And now 
the direction of the centrifugal force is 5 D, and 


its velocity to that of the centripetal as 4D to 


Vn. 


and thus again it deſeribes no curve line about 
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bn; And thus the body traverſes the diagonal 
ze, and in the ſecond inſtant reaches the point 
c. In like manner in the third inſtant it gains 
the point d. So that the body has deſcribed the 
curve Abed, which it further proceeds in about 
G, ſo the conſpiring forces continue to act on it. 
From this very reaſon, that a body deſcribes 
a curve, when one of the conſpiring forces is 
conſtantly directed to one and the ſame point, 
and always draws off the body towards it from 
the line of direction of the other force; bodies 
projected move in parabolic lines, as being in- 
ceſſantly impelled by the force of ey to- 
wards the centre of the earth, $. 48. | 
$. 101. A compound motion may be pro- 
duced as well under a right as an oblique angle 
of direction, by which one and the ſame diagonal 
line is deſcribed, fig. 4. plate XIII. As ſup- 
poſe. the body in A to be impelled by one force 
towards N, and by the other at the ſame time 
towards Q; and the velocity of the firſt force to 
be to that of the ſecond, as the line AN to the 
line AQ. So that the body traverſes AO, and 
comes to O in the time in which by the ſingle. 
action towards N it would either reach to N, or 
by the ſingle action towards Q, to Q. The 
angle of direction NAQ of thoſe conſpiring 
forces is oblique. Suppoſe the body at A to be 
impelled * conſpiring forces, whoſe lines of 
direction 


Lak 
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direction A B and AP form at A a right angle. 


The velocity of the force acting towards B to 


be to that of the other acting from A to P, as 
the line AB to the line AP: The body takes 
its way from A along the former diagonal AO; 
and in that line comes to O, in Which by the 


ſingle action towards B it would either reach to 
B, or by the ſingle action towards P reach P. 
In this laſt manner, in which the lines of direc- 


angle, the curvilinear motion is eaſieſt to be un- 
derſtood. And then the line of direction A? 


of the centrifugal force is a tangent, and the line 
of direction of the centripetal, a perpendicular. 
FS. 102. If a body A is impelled round a point 
C, towards which the centripetal force is con- 


ſtantly directed, in a curve ABD, fig. 10. plate 


II. the ſurfaces, or areas which it deſcribes are 


to each other as the times of motion. The de- 


monſtration according to profeſſor Kraft in his 


Prælectiones in Phyſicam Theoreticam, F. 196, is as 


follows. The ſurfaces or areas, which the body 


deſcribes, as it moves in a curve, are triangles, 
into which the ſpace between the body and the 


centre may be divided. Suppoſe this curve to 
be divided in imagination into an infinite num- 


ber of ſmall lines AB and BD, which may be 
deemed right ones. Suppoſe the body A to 


have a certain velocity, by which it may, in an 


Vor. I. | H uncom 
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uncommonly ſmall time T takes its way along 


the line Aa; but at the ſame time to be impe lled 
by the centripetal force, which in that very time 
T might have carried it along the line Aa to- 


wards the centre. It therefore comes in this 


time T in the parallelogram AB aa along the 


diagonal AB, §. 13. And which as it finiſhes 


in the very time, in which by the centrifugal 


force alone it would have finiſhed the line Aa; 


but this is ſhorter than AB; fo its velocity is 


ſomewhat increaſed, F. 27. With this increaſed 


velocity it could thus in the ſecond time T have 


deſcribed the line Bb equal to the line AB. 


But the centripetal force draws it from B to 8 


along BB. So that in the parallelogram BS g 


it traverſes the diagonal BD. And thus in the 
ſingle time it has deſcribed the ſurface ACB; 
in the double, the ſurfaces ACB and BCD. 
But the ſurface BCD is equal to the ſurface 


' ACB. For both the triangles ACB and BC 


have equal baſes AB and Bb, and on account 
of the common vertex, through which a line 
dCe parallel to the baſe may be drawn, equal 


heights. But the triangle BCD is alſo equal to 


the triangle BCS. For, both theſe triangles ; 


are contained between one and the ſame parallel 


lines BC and 4D, and have one and the ſame 


| baſe BC, Now as the triangle ACB = B.C, 


and the triangle BCD = BC5, ſo is BCD = 
LE: 4 | Ag. 
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ACB. And thus ACB + BCD = 2 ACB. 


And therefore the ſurface A CB, deſcribed in a 
ſing ſe time, is to the ſurfaces AC B and BCD, 


3eferibed in a double time, as the ſingle time x 


to the double time 2. This manner of conclud- 


ing holds throughout the whole curve about the 
point C. And therefore the ſurfaces or areas, 


which a body by means of the central force de- 


ſcribes about a point, are equal in equal times. 


F. 103. If the arches or baſes of the ſurfaces, 


which a body accompliſhes by the central force 
in equal times, are mutually equal; the curve 
along which the body moves, is a periphery or 
circumference of a circle, fig. 8. plate II. The 
ſurface ACE is equal to the ſurface ECL, and 
the arch AE, to the arch EL. If two equal 
triangles have equal baſes, they have alſo equal 
heights. In the ſaid ſurfaces the heights are the 


diſtances from the centre. If a line carried 
round a point may be divided into arches, all 
of them equidiſtant from the centre, it is a cir- 


cular line. | 
As the baſes of _ 1 which a boch 


revolving in a circle deſcribes in equal times, 
are mutually equal; it moves on in its circular 
courſe, which it accompliſhes by means of the 


central force, at all times equally quick, or in an 


uniform manner. 
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From this it appears, that the central forces, 


whichr retain a body in the circumference of a 
circle, are throughout equally intenſe therein, 


F. 104. But if a body moves in an ellipſis, its 
velocity is variable, fig. 1 T. plate II. An ellipſis 
or oval is generated as follows: Draw a right 
line As, whoſe centre is C, and at equal diſ- 
tances therefrom mark both the points F and 7. 
Take a thread F Gy, in length equal to the line 
A Ca, and by its ends faſten it down in the 
points F and 7. Extend the thread with an in- 
ſtrument, with which a line may be deſcribed, 
and therewith deſcribe about both the poitits F 


and F the curve AGaA, which at laſt returns. 


ifito itſelf. Both the points F and F are called 
the foci. The focus F is that to which the cen- 
tripetal force of the moving body is conftantly 
directed. The other F is conſidered as'a point 


to which no force is directed. Through the 


centre C draw a right line Bb, interſecting the 


line A Ca at right angles. Both lines are called 


the axes of the ellipſis; AC the greater or 
tranſverſe, and B CB the lefs or conjugate. The 
right line FG, in which the body is drawn-hy | 
the centripetal force towards the focus F, is 
called the radius vefor. Suppoſing the ſurfaces 
aFc and AF d to be mutually equal; if now 


the body is impelled by the central forces, it 


deſcribes them in equal times, F. 102. And 
tere 
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therefore, the time in which it runs over the 
arch ac, is as long as the time in which it Snidhes 
the arch dA. But ac is leſs than dA. And 
thus it moves ſloyer through ac than through 


dA, $. 27. The motion in the ellipſis is thus 


variable, or one time quicker than another. 

$. 10g. In g the body is at the greateſt diſ- 
tance from the focus F, but in A at the leaſt. 
And thus a body which is carried in an ellipſis 
by central forces, moves loweſt in its greateſt 


diſtance from the focus, and quickeſt | in its leaſt: 


And from its greater diſtance its velocity is ſtill 
increaſing, the nearer it approaches in its orbit 


to the focus; and from its leaſt diſtance ever 


decreaſing, the farther the body i in its orbit re- 
cedes from the focus. ' 


On the middle of the EDT 1 in the 
machine for the central forces, pillars are faſten- 


ed, fig. 8. plate XIII. To ſuch a pillar a radius 
vector is ſcrewed, which is a ſquare well po- 
liſhed rod of iron. On this rod a braſs curſor þ 


is ſtuck, which, very eaſily moves to and fro on 


the rod, To the under part of the curſor on a 


ſmall round pillar ſticks a moveable braſs whirl. 
At this whirl is a ſmall hollow pillar, 11 
into it a lead pencil. In the ſmall pillar is 


ſpring, which puſhes back the pencil when ret | 


upwards, and when the preſſion ceaſes. Round 
the pillars over the moveable ſheeve on the ta- 
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ble of the machine move large ſheeves of wood 
Ide, done over with oil-colour, and with their 
feet are ſcrewed'on the ſurface of the table. On 
one of theſe ſheeves to the left a braſs pillar is 
ſcrewed, at which is a whirl F placed horizontal 
and eaſily moveable. The place of this pillar i is 
to be conſidered as a focus; and the place of the 
other pillar c with its moveable whirl, juſt on 
the __ of the moveable ſheeve, is the other 
focus. Round the three whirls 5, c, f, a ſtring 
goes; which is ſtretched, ſo the curſor at the 
radius vector is drawn out fo far, as the ſtring 


D 
drawn about the three whirls permits: And if 


the wheel at the machine is turned, the curſor 


has a centrifugal force at the radius vector, and 


with its lead pencil deſcribes an OR on the 
unmoveable ſheeve. | 


18 the pillar on the other moveable ſheeve to 
the right, there is alſo ſcrewed a ſquare rod of 
braſs abc. At the end c, where this rod is 
ſcrewed down, is a watch-ſpring with a thread. 
There is further on the rod a braſs curſor with 
a hollow pillar, wherein lodge a ſpring and a 
lead-pencil, At this curfor the thread of the 
watch-ſpring is faſtened. The watch-ſpring is 


ſo ſtout, that the curſor, which may be pulled 


forwards on the rod, goes back to the ſpring ſo 


| ſoon as the curſor is let go. If now the wheel 


at, the machine is turned, this curſor acquires a 
; centfi⸗ 
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centrifugal force, and continues ever receding 
farther from the pillar, and by this means de- 


ſcribes a ſpiral line with its lead pencil on the 
ſheeve edb; and at length when unable to go 
farther, and the wheel continues moving, a cir- 
cular line. 6 


§. 106. The quilitity of the central force, 


whereby an infinitely ſmall arch AB is deſcrib- 
ed, is eſtimated by the length of 'the line DE, 
parallel to the perpendicular AC, fig. 8. plate II. 


The time in which the arch AE is deſcribed, 


you may call T. Were the body impelled by 
the centrifugal force alone; in the time T it 
would come to the point D, from which let fall, 
on the extremity of the arch AE, the Iine DE 
ſtanding perpendicular on ADK, or parallel 
with AC. So that the length of the line DE-is 
the ſpace, along which the centrifugal force 
would have removed the body in the time T 


from the centre. And thus the length of this 


line DE expreſſes the quantity of the centrifugal 
force. But as the centripetal force conſtantly 
draws the body from the right line AD to the 
centre, F. 100; the body defcribes the arch AE, 


and in the time T comes to the point E, from 


which the perpendicular ED is drawn on ADK. 
So far therefore as the centrifugal- force alone 


would have removed the body from the centre 
C, ſo much the nearer has the centripetal brought 
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it thereto. - And thus in like manner may the 


etal force be Ae by 
the length of the line DE. 


quantity of the centri 


As the body in the time T, in which it might 
be brought by the centrifugal force alone to D, 


approaches to the centre by means of the centri - 


petal about the quantity of the line DE : It is all 
one, as if fallen from D to E by virtue of the 


gravity. As the time T, in which the infinitely 


{mall arch AE is deſcribed, is uncommonly 
ſmall; ſo the central force undergoes no change 
in its quantity all this time. And thus the body 
approaches to its path in about the line DE, ac- 
cording to the very laws, by which heavy bodies 
fall through a free ſpace, where the gravity is 


| weakened by nothing. 
$. 10% As therefore both central forces, 

whereby a body revolves round a point, have 

one and the ſame NEL ſo they are mutually 


equal, | 
1. In 2 3 the pains: of the line, by 


which as well the centripetal as centrifugal force 


is meaſured, is found on diyiding the ſquare of 
the infinitely ſmall arch AE, which the body 
compleats in a certain time, by the diameter 
AB of the circle, fig. 8, plate II. In the paral- 
lelogram AGE the line AG is equal to the 
line ED. And thus AG expreſſes the quantity 


ot the centripetal force. As the line GE is the 


ſine 
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| fine of the arch A E, it ſtands perpendicular on 


che diameter A B, and is dus tha mean propor- 
tional between BG and & A, as Malfius ſhews in 
his Zlementa Geomearig, &. 327. So that BG: 


GE::GE:GA. As the arch AE in-reſpe& 


to the entire curve is conſidered” as infinitely 
ſmall; it differs ſo little from its ſine G E, chat 
you may take it for the fine. And thus BG: 
AE: AE: GA. Now, tis true, BG is um 
known, as you {ek the line AG, and conſe- 


quently not yet known. But as G A is ſo ſmall | 


a part of the whole diameter BA, as that BA 
may be taken for BG; fois BA: AE: : AE: 
GA. If therefore AE be multiplied by AE, 
that is, the arch AE ſquared, and this ſquare 


divided by the diameter B A; the quotient ſhews | 


the quantity of the line G A, and conſequently 
as well of the centripetal as of the centrifugal 


force ED. And thus we may ſay GA, or the 


central force | 1s = . _ As 


BA; | i 1 Bn: 
ſuppoſe the diameter BA 1000000, and che 


periphery = 314000 feats. the periphery to be 


deſcribed in 1000 minutes, and the arch AE in 
one minute. And thus dividing the periphery 
by 1000 minutes, the arch AE which is com- 
pleated in a minute, is = 3140 feet, The 
ſquare of which is = 9859600, which divided 


by the diameter 1000000; the line AG or DE 


15 


gs 
” = 
1 
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is above nine feet. And thus ſo many feet is 


the body brought nigher the centre C in a mi- 


nute by the centripetal force, in which the cen- 


trifugal ſeeks to remove it ſo many feet 888 
the centre. 

2. The arch AE expreſſes " celerity of che 
| body, $. 9. And thus the central force of a 


body moving in a circle, is the quotient ariſing' 


on dividing the ſquare of the velocity by the di- 
ameter of the circle. Call the celerity C. And 


thus putting the ſquare of the celerity C“ for 


the ſquare of che arch AE“. The central force 
| C | | 

„5 

3. If therefore two bodies of equal maſſa 
move on uniformly in unequal circular periphe- 
ries AB F and GH, fig. 8. plate II. the central 
force in the greater periphery is to that in the 
leſs, as the quotient ariſing from dividing the 


| ſquare of the velocity in the greater circle by its 


diameter BA, to the quotient ariſing by dividing 


the ſquare of the velocity in the leſs circle by its 


diameter NG. The firſt quotient is = ha 


Call the celeriry i in the leſs perjphery. , and the 


ſecond quotient will be N. And therefore 


the central force in the greater periphery, i is to 


* 


Sig 
that in the leſs, as BA to N N n 


- I 
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F. 108. From this it follows, that the central 
force in the greater periphery is to that in the 
leſs, as the quotient, on dividing the radius 


CA by the ſquare of the periodical time in the 


greater circle, to the quotient, on dividing the 
radius CG by the ſquare of the periodical time 


in the leſs circle. Call the ſquare of the perio- 


dical time in the greater circle T*, and the 


ſquare of the periodical time in the leſs t*, And | 


thus the propoſition may be expreſſed as fol- 


lows: The central force in the greater periphery 
N A SS, 
12 
monfiratidn i is as follows. 


The velocity in the greater periphery is to 


that in the leſs, as the quotient ariſing on divid- 
ing the greater periphery by its periodical time, 
to the quotient from dividing the leſs periphery 
by its periodical time. For each periphery, as 
a ſpace, through which the bodies run, is a 
product ariſing from the time and velocity, as 
its factors, F. 29. If therefore a periphery 1s 
divided by the time, the quotient denotes the 
velocity. Call the greater periphery P, and its 


velocity C; and the leſs * and its velocity . 


And thus c: The peripheries of 


2 


circles are to each . as their radii, Now 
calling the radius of the greater R, and that of 
WS | | 1 the 
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he leſs 74 you may ſubftitut: N and r for P and 


7. 1 D: i i Jo And thus 


8 
vou may take 1 and © for the celerities of the 


greater and leſs pate: Now the central 


forces in both peripheries are to each other, as 
the quotients, on dividing the ſquares of their 


velocities by the diameter of the circle; namely, 


1 , 


* NG ” Ho 107. n. 3. But the diameters 


are to each other, as the radii; * is BA: 
NG: : Rer. And thus for FK el you 


2 2 2 2 


9 970 ſubſtitute 8 . Now C* 8 


* 3 Es. r: 


2 


8 
ef „R. For we may conſider as fractions. 


3 
And if in each the numerator is multiplied by 
the denominator of the other, the products ariſ- 


ing are to each other as the fractions. And thus 
the central force in the greater periphery 1 is to 
that in the leſs, as C*r :c*R. As the ratio of 


the celereties, C : c, may be exchanged for the 


ratio of > * 075 3 you may ſubſtitute for the ratio 


of the "= of the velocities, C* : c*, the ra- 


2 2 


tio of the ſquares = : = And therefore for 


. 5 La Ra 2 R : 
CY: c*R may be ſubſtituted N 8 


g7- 


: that 
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that the central force i in the gene x poker is 


to that in the leſs, as * 2 * if i in roſe 


| Fractions the numerators be divided by one and 
the ſame quantity Rr; the central forces ate to 


1 8 
each other, as 28 N : . Now the radius. in the 


greater periphery is = CA, and that in the leſs 
= CG. So that the central force i in the greater 


periphery i is to chat in the leſs, as GA 8 
| §. 109. If the ſquares of the periodical times, 
in which two bodies of equal maſſes run over 


their peripheries, are to each other, as the cubes 


of their diſtances from. the centre; ; the central 
force in the greater periphery is to that in the 


leſs, inverſely as the ſquare of the leſs diſtante 


to that of the greater, fig. 8. plate II. in the 


greater periphery AB F, call the ſquare of the 


perde time T., and 7* in the leſs, and call 
the cube of the diftance in the greater periphery 


| CA?, and the cube of the diſtance in the leſs 


CG. And this condition of the ratio of the 
central forces is thus expreſſed : A: 33 x 


CA: CG*, Now the central force in the 


greater periphery ABF, is to that in the leſs 


GNI, a 7 =, 8. 108. „ 


CA?®: e ; for the denominators T* and * 


you may ſubſtitute the quantities CA* and 


CO 
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CG. And therefore the central force in the 


greater periphery, is to that in the leſs, as 


-CA CC © 
Fore T6 And dividing the firſt fraction by 


. C0. 


f CA, and the ſecond by c G; 10: 


. 


HED 8 G And two fractions having che lame 


numerator; the firſt i is to the ſecond, as the de- 


nominator of the 8 880 to the denominator of 


the firſt. And thus — : >= CG. CA", 


=_ 8 


So that the central force in the greater peri- 


phery is to that in the leſs, as CG* ; C * 
the ſquare of the diſtance from the centre in the 
jeſs periphery to the ſquare of the diſtance i in the 
greater. 

If the bodies have unequal OF the central 
force of the body in the greater periphery, is to 
the central force of the body in the leſs, as the 
product of the maſs of the body in the greater 
periphery, and the ſquare of the leſs diſtance 
from the centre, to the product of the maſs of 


the body in the leſs periphery, and the ſquare 


of the greater diſtance. Or ſay, the central - 
forces of theſe bodies are to each other in the 
compound ratio of the direct ratio of the maſſes 


and inverſe ratio of the ſquares of the diſtances 


from the centre. 
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$. 110. If a body moves uniformly in the pe- 
niphery of a circle; the queſtion is, what is the 
ratio of the centrifugal force, ariſing thereby in 

the body to its gravity? Weare then to conſider 
its velocity, which if equal to what it would 
have on falling through a certain height, its 
centrifugal force is.to its gravity, as the double 
height of the fall to the radius of the circle. 


1. The velocity which A falling body acquires 


in the beginning of its fall through a certain 
height, is with us ſuch, 
equal to that at the end of the fall, it might run 
over a ſpace twice as great as the height of its 


fall, ſo it move uniformly, fig. 5. plate XIII. 
call the hei f the fall CD. If the body in 
the inſtant it reaches the point D, gains ſuch a 


direction, as to be able to continue its courſe in 
the horizontal line DE; its motion will be no 
longer accelerated, but become uniform. But 
it is ſo quick, that the body in the time in which 
it has fallen through CD, deſcribes the line DE 
twice as great. A body may come out of a 
perpendicular into an horizontal direction, if, 


for inſtance, it runs down from A along a curve. 


ſurface AC. For, reaching the point C, it is 


that with it in a time, 


223 


all one as if fallen from A to B, or from C to 


D, as AB is CD. As it cannot fall perpen- 


dicular from C, it will be impelled by the force 
it has gained in the fall, along the horizontal 


line 
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line CF, equal to DE. It proceeds not, indeed, 
a great way therein, as by the gravity it ſinks 


towards the line DE, And thus its motion 18 


compounded, F. 13. and it deſeribes a parabolic 


line, and comes in the tithe it ſpent in the fall 


through AB to E, $. 48. But fo that it finiſhes 


the ſpace DE; which is equal to the ſpace CF, 
and twice as great as CD or AB. The line CD 
may be fifteen Paris feet. So far à body falls 


with us in the firſt ſecond of its fall, F. 34. The 
line DE may be thirty feet, and therefore its 


velocity in D is ſo great, as therewith in the 


following ſecond to be able to run over thirty 


ſeet. | 
2. With the WER which the wy would 
acquire when fallen through the height CD, it 


may move over the arch AE, fig. 8. plate II. 


The ſpace of this arch AE may be equal to the 


ſpace of the height CD. And thus the body 
finiſhes the arch AE in half the time, it would 
require to its fall through CD. And therefore 
the time ſpent along the arch AE, is to that 
along the height CD, as 1 to 2, or as AE to 
2 CD. Thetime 1, or AE may be called the - 


ſingle, and the time 2, or. 2 CD the double. 
Now as the body in the ſingle times moves 


over the arch AE; the queſtion is, how far it | 

might fall by its weight in this ſingle time? As 

the ſquare of the double time is to the ſquare of 
the 
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the ſingle; ſo the ſpace of a falling body in the 


double time to its ſpace in the ſingle, $. 34. 


The ſpace in the double time is CD, and call-- 
ing the ſtill unknown ſpace in the ſingle x, there- 


fore. | | | 
COD AB <5. 
The fourth proportional you find on multi- 


plying the ſecond by the third, and dividing, 


that product by the firſt, And thus AE“ x 


CD — 4 CD* = x, the ſpace in the ſingle 


time. If both the quantities AE* x CD, and 
| 4 CD? are divided by the quantity CD, there 


ariſe the quantities AE? and 4 CD, which are 
alſo to each other, 'as AE* „ & CDE 
And thus AE“ — 4 CD is = x the ſpace, 
through which the body-might fall in the ſingle 


time, in which it runs over the arch AE. This 


ſpace AE* —4 ED therefore denotes the quan- 
tity of the gravity of the body moving along 
the arch AE. Its centripetal force is AE 
BA, F. 107. n. 1. And thus the centrifugal 
force of the moving body is to its gravity, as 
AE* BA to AE CD, or *=w = 
Theſe two quantities are to be conſidered as 
fractions, having the ſame numerator. And if 
there are two ſuch fractions, the firſt is to the 
. | 1 ſecond; 
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| ſecond, inverſely as the denominator of the ſe- 


cond to the denominator of the firſt, And thus 
the centrifugal force of the body is to its gravi- 
ty, as 4 CD to BA. Now 4 CD is the qua- 
druple height, and BA the entire diameter. If 
both wholes are halved; the centrifugal force is 


to the gravity, as the double height to the ſemi- 
diameter; that is, as 2 CD to CA. As for in- 


ſtance, if the ſemidiameter of a cirele be three 


feet, and a body moves in its periphery with the 


velocity, which it might acquire by the fall 
through fifteen feet high, its centrifugal force 


hereby ariſing would be to its gravity, as thirty 


to three, that is, as ten to one, or ten times the 
gravity. 


3. If the a by the fall through which a 
body might acquire the velocity, with which it 
moves in the periphery of a circle, be only equal 
to the half radius of the circle, the centrifugal 
force is equal to the gravity, For thus the 


double height is equal to the radius. And thus 
the centrifugal force is to the gravity, as the 


radius to the radius. If, for-inftance, the height 
of the fall = 3s and the radius = 6 feet, 


the double height 6 = radius 6, . plate 


XIII. If in a veſſel, which is 1 at a ver- 
tical ſneeve DAU at U, and open towards D, 
and remaining ſo, there is water, or a ball; the 
veſſel with the ſheeve may be turned round, 


with- 
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without either the water or the ball falling out, 


ſo only the velocity of the cireular mation, be fo. 


great, as that the centrifugal force be either 
greater, or at leaſt as great as the gravity of the 


body in the veſſel, and conſequently, that it 
preſs againſt the bottom of the inverted veſſel 
either ſtronger than, or at leaſt as ſtrong as the 


bodies by their gravity tend to recede therefrom. 


4. If therefore the centrifugal force of a body 


moving in the periphery of a circle be equal to 


its gravity; the velocity of its circular motion is 


equal to the velocity which it would have gained, 


had it fallen a height equal to the half radius. 
5. And thus the time of the revolution 


through the entire periphery is to the time of 
the defcent through the half radius, as the peri- 
phery is to the radius. For, the velocity in the 
| periphery is equal to the velocity of the fall 
through the half radius, as was juſt ſhewn. But 


if two bodies move uniformly with one and the 


ſame velocity, the ſpaces which they accompliſh, 
are to each other as the times. If, for inſtance, 
a body A in fix ſeconds runs over fix feet, and 


another B with an equal velocity only one foot : 
B accompliſhes its ſpace in one ſecond, And 


thus as ſix ſeconds to one ſecond, ſo fix teer to 
one foot. 
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The DocrRixE of FLulps. 


——_ 


PARTE FL 
Of the AIR. 
CHAP, EL 
Of the Air and AIR-PUMP. 
Y 111. IEE air is that inviſible and con- 


ſtantly fluid matter, in and above 

our earth, which we feel on the face, on moving 

againſt it a flat hand at ſome diſtance, with a 
certain degree of quickneſs. 

§. 112. The machine, by means of which RY 

air may be taken out of veſſels or receivers, is 

called an air-pump. The inventor of which was 


: Otto Guericke, burgomaſter in Magdeburg, who 


exhibited the firſt public experiments therewith 
in 1654 at Ratiſbon, before the emperor Ferdi- 
nand III, his fon Ferdinand IV. king of the Ro- 
mans, and ſeveral electors and e e den to 
their very great aſtoniſhment. Gucricke himſelf 
deſcribed and publiſhed his diſcoveries, mace 
with the air-pump, firſt in 1672, under the fol- 


lowing 
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lowing title; Experimenta nova Magdeburgica; 
Caſpar Schottus, the then profeſſor of mathema- 
ticks at Wurtaburg, having already publiſhed 


them to the world in 1657, in his Mechanica y- 
draulico-pneumatica, and in 1664 in his Technica 


curioſa. Ra 

An air-pump conſiſts of a-hollow tube or cy- 
linder of metal internally poliſhed; in which, by 
means of a rod, a leather piſton, which fits ex- 


actly the internal ſurface of the tube, may. be 


moved back and fore. If to the end of the tube 


a veſſel be ſo applied, as that between the yeſlel 


and tube no air can inſinuate into the tube; and 
the piſton which reaches home to that end, be 
drawn towards the other end; there will be pro- 
duced a ſpace void of air, or a vacuum in the 
tube, into which the air from the veſlel forces. 
But farther, the tube muſt be ſo ordered, that 


the air which has forced in from the veſſel into 


the empty ſpace, may have the communication 
cut off with the air till in the veſſel, and be 
diſcharged the tube. And this may be done as 
well by a valve as by a cock. Guericke deviſed 
two ſorts of air-pumps, and both of them with 
valves. In the firſt, which has an oblique poſi- 
tion, the rod, at which is the piſton, was drawn 


with two ropes. The other ſtood vertical, and 


the piſton was worked up and down by a leaver. 


Schottus deſcribes the firſt in his Technica, lib. i. 


I 2 E. 
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c. 1; and the other lib. i. c. 26. exhibiting both 


with their ſeveral parts and the manner of 'put- 


ting them together, on copper plates. Both air- , 


pumps ſtood in water, in order to ſecure tube 
and veſſel againſt the ingreſs of the external air. 


Next, Mr. Boyle in England ſo ordered the air- 


pump, as to ſuperſede 'the uſe of water, for 


warding off the external air. He placed the 


tube vertical on a foot-frame, faſtening at the 


Piſton an iron rod with teeth, and furniſhed with 
'a ſtar-wheel and crank or winch; with which, 


in the manner of the carriers jack, the piſton 
might be wound or worked up and down. This 
air- pump he deſcribes in his New Experiments on 
tbe Elaſticity of Air; and Schottus in his Technica, 


4ib. ii. This method of Mr. Boyle was at length 
changed to another, in which a ſtirrup was made 
to the rod of the piſton, in which a perſon might 
tread with one foot, in order to pull down the 


piſton in the vertical tube, and form an empty 
ſpace or vacuum. To the rod at the ſame time 
a handle was faſtenedp with which the piſton 
might be 'puſhed up or drawn again. And at 


length the abbe Nollet carried this pump to a 
peculiar degree of perfection. Its principal parts 


he deſcribes in his Legons de Phyſique Experimen- 
tale, T. III. Leon X. Experiment I. exhibiting 
it as put together plate I. To this air- pump at 
the ſame time he applied an apparatus with a 

4 wheel, 
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wheel, with which in vacuo a circular motion 
is performable. This apparatus is deſcribed Le- 
con X. Experiment XIII. and repreſented plate V. 
Sengwerdus a profeſſor in Leyden, in 1697, cauſed 
to make an air-pump, with a cock inſtead of a 
valve in its tube, and in which the piſton might 
be worked out and in by a wheel and croſs: 


The tube might be as well oblique as horizon- 


tal. Baron Wolfus in his Experiments, 3 
$. 69—79, gives a particular deſcription of it. 
Mr. Hawkſb:e made air- pumps with two cylin- 
ders or barrels. The late Mr. Leupold of Lipfick 


had made ſuch another of his own deviſing, 
without having ever ſeen either Hawkſbee's air- 


pump or a drawing of it. He deſcribes it in his 
ſecond continuation of the treatiſe on the air- 
pump. As well the cylinder or barrel, as the 
piſton has valves below, fig. 1. plate XIV. 
Both barrels A and B communicate by a hori- 
zontal tube CD, which has a cock IL. From 
the horizontal tube CD another tube EF goes 
in the intermediate ſpace between the barrels up 
to the horizontal plate LM of the air-pump. 
And thus along this tube the air forces out of 
the veſſel or receiver on the plate into the hori- 
zontal pipe CD, and out of this through a valve 
in the barrel A, in which the piſton is drawn up. 
And then on depreſſing this piſton, the air will 
be compreſſed, and thereby obliged to ſeek vent 
F + or 
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or iſſue at the valve of the piſton. And as this 
piſton is depreſſed, that in the other barrel B is 


pulled up, and in it a vacuum made, to which 
a part of the air, ſtill remaining in the veſſel on 


the plate, takes its way. The horizontal tube 
CD lies in a braſs box, at whoſe ends the barrels 
ſtand, and which is filled with water. Above 


the piſton there is alſo water: And hence pro- 


ceeds the ſwaſhing noiſe to be heard therein, 


when the air is preſſed out of the barrels through 
the valves of the piſton into the water. The 
water comes to be neceſſary on account of the 


valves, as being of bladder. The rods of the 


valves are ſtuck in an iron leaver or ſwing, 


which in the middle is faſtened at a roller N, 


and may be worked by another and longer, or 


a double leaver HI. In the tube EF, which 


goes up from the horizontal tube between the 


barrels to the plate of the 2 air- pump, a little be- 


low the long leaver is a round hole G, in which 
a poliſhed ſtopple of braſs is ſtuck; on pulling 


which out, air goes again into the exhauſted 
veſſel. The bladders, of which the valves be- 


low at the barrels conſiſt, are ſtretched over 


narrow openings which go into the horizontal 


tube. The air which forces into this tube, 


cſcapes in each valve on two ſides, when the 
piſton in the barrel is pulled up. And again 


on we the piſton, the bladder is preſſed 


cloſe 
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cloſe to the hole by che air over it, that the air 
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narrow. opening, be over it a bladder ae : 


which on two {ſides is ſo cut out, that the com- 
preſſed air under the piſton in the barrel, on be- 


ing depreſſed, may force upwards at the two 


ſides of the bladder, but not come back. For 
producing the circular motion in vacuo, eſpeci- 
ally in electrifying, I have cauſed to make Nol- 
let's apparatus for this air- pump. In Grave- 
 ſande's air- pump with two cylinders, the piſtons 


are with toothed rods, moveable up and down 


by a wheel. Profeſſor Muſchenbroeck has mi- 
nutely deſcribed this air-pump. To this de- 
ſcription he has, beſides, added another, in which 
he explains and exhibits a ſingle air-pump of a 
peculiar ſpecies, The deſcription of both ma- 
chines is to be found in his Deſcription des nou- 
velles ſortes de machines pneumatiques, tant doubles 
que femples avec un recueil des plufi eus experiences, 


que Pon peut faire avec ces machines, at the end of 
his Eſſai de Phyfique. Baron Wolfins in his Ex- 
periments, Part I. §. 139. deſcribes a ſmall ſingle 


air-pump, a few inches only in length, having a 
piſton with a valve of a. piece of bladder; and it 
may be uſed with great commodiouſneſs for diſ- 
covering the force and effects of the air, 
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C HAF. IL 
Of the Gravity and Elaſticity of the AIR. 


5. 113. Een part of the air is heavy. 

For, a hollow ball exhauſted of air, 
weighs leſs than when full of air. | 

F. 114. In like manner, the air is elaſtic. F or, 

it may be compreſſed, and it is ſuſceptible of 


expanding again to a wider ſpace, on the ceaſing 


of the compreſſion. In both theſe e 
elaſticity conſiſts, F. 51. 


That the air has a faculty of 5 ap- 


pears even hence, that it forces into the air- 


pump, ſo ſoon as the piſton is drawn up. From 
this it is evident, that the pumping out the air 
properly conſiſts herein; namely, that in the air- 


pump a vacuum is produced, in which the air 


by its native force may expand itſelf. If the 


piſton is puſhed back again, the air is again 
brought out of a wider into a narrow ſpace. 
The elaſticity of the air appears with full evi- 


dence, on ſuſpending a firm tied bladder, con- 
taining only a little air in it under a glaſs bell, 


and pumping out the air. For ſo ſoon as you 


begin to n the bladder begins to heave or 
ſwell 
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fell up a little. The more air goes out of the 


bell into the air-pump, the ſtronger will the 
bladder be blown up. But if air be re-admitted 


under the bell, the bladder collapſes or falls to- 


gether again. As thus the ſwelling ariſes from 
the expanſive force of the external air; ſo its 
: falling together, from the internal air bein 9 
preſſed into a narrower ſpace by the air forcing 
from without under the bell. If you hang un- 


der the bell a dry and fully blown bladder, not 


tied quite tight; it will burſt by the expanſive 
force of the included air, on pumping out the 
external air under the bell as much as poſſible. 


There is a pecuhar inſtrument for compreſſing | 
the air, by forcing in ſtill more of it into a de- 


terminate ſpace already full of air. It is called 


compreſſing machine, It conſiſts of a brats | 


tube AB, fig. 2. plate XIV. with a piſton and 


rod, with a handle CD; by which the piſton 


may be pulled up, and again puſhed down. 


Above, at the ſide E of the tube is a ſmall 
hole, through which the external goes in, on 


pulling up the piſton above this hole. Below 
again in the tube at B is an opening covered 
with a valve. Now if the air forced in at the 
upper hole be driven down; this valve will be 


puſhed up by it, and the air expelled at the tube. 


Back into the tube it cannot go, as it preſſes the 
valve againſt the hole. This tube AB is ſcrewed 
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to a horizontal tube BF, which is joined with a 


vertical tube FG, at whoſe upper end G is a 
ſcrew with a cock; in order to ſcrew thereon 


the veſſel into which you would preſs the air. 
Now if this ſet of tubes thus joined together, be 
faſtened on a wooden frame, you have a very 


commodious compreſſing- machine. Sengwerdus's - 


air- pump may alſo be very well employed for 
compreſſing. For, on winding out the. piſton 


in the tube, and opening the cock, the air fills 
the whole tube. On ſhutting and turning the 
cock, that the air has free admiſſion into the 


veſſel, that is ſcrewed down on the plate of the 
air · pump, you may force it in, fo you wind 


back the piſton. 


CH A P. II. 


Of the Quantity. of the Gravity and 


ETLASsTICITx of the AIR. 


S the air admits being compreſſed, 
ſo the under air is denſer than the 


5. 115. 


upper. A cubic foot of air at the earth's ſur- 


face thus weighs more, than a cubic foot on a 


high mountain. In like manner a cubic foot of 


air at the earth's ſurface is at one time heavier 
| - | than 
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than at another; as the air is now. charged with 
much, again with little vapour. Commonly its 


weight is eſtimated at five hundred eighty-five 
grains; four hundred and eighty of which make 
an ounce in apothecary . Molſiuss 1 
ment, P. I. §. 86. | 


$. 116. The weight of a column of air from 


the earth's ſurface up to its limits is equal to the 


weight of a column of water of an equal baſe 


therewith, and between thirty-one and thirty- 
two Rhinland feet in height: Or, as the weight 


of a column of mercury, of an equal baſe with 


that of the column of air, and about twenty- 


eight inches in height. For, at the height of 
of between thirty-one and thirty-two feet a co- 
lumn of water is ſuſtained by the preſſure of the 
air; and at twenty-eight inches a column of 
mercury. Guericke made the experiment with 


water, and deſcribed the apparatus for it in his 


Experim. de vacuo, lib. iii. c. 20, 21. By the 
height and weight of the mercury in a glaſs 
tube, Torricelli, a profeſſor of mathematics at 


Florence, firſt diſcovered the preſſure of a co- 8 


lumn of air. And hence ſuch a tube with 
quickſilver was at firſt called , the Turricellian 
tube; but afterward, on being applied to diſtin- 
|  guiſh thereby the variation of the ait's gravity, 
the barometer. On the ſea ſhore the mercury 


ſtands * than on any other part of the 


earth's 
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Of FLUID BODIES. 
earth's furface. The greateft height amounts in 


Paris meaſure to twenty-eight inches four lines; 
and the leaſt to 26" 4”. The variation of the 


heights of the mercury in the barometer happens 
thus within a ſpace of 24”. If the baſe of a 
round column of water is a Paris foot in diame- 
ter, = 1 feet in height, its weight is 


: 1703 150 : = 2 pounds. And ſo great is the weight 


of a round column of air, whoſe baſe is a Paris 


foot in diameter. For, the ſurface or area of a 


circle whoſe diameter is a Paris foot, conſiſts of 
7850 ſquare lines, each of which is a line long 


and a line broad. A height of thirty-one feet 


is 3100 lines, a foot containing 100 ſuch lines. 
If the ſurface 7850 is multiplied by the height 
3100; the ſolid contents of this ſpace make 


2433 5000 cubic lines; each of which is a line : 
long, a line broad, and a line thick: 1000 cubic 
lines make one cubic inch. And thus the ſpace 


conliſts of 24335 cubic inches. Now 1000 cu- 
bic inches of water, which make one cubic foot, 
ah en . And thus 1000: 24333 
dee 

Baron Woljus in his Experiments, Polk C3 
and Leupold in his Theatrum Staticum Univerſale, 


and 3. treat on the barometer, its 


conſtruction and Kinds, The following expe- 
riment 


* 
* 1 - 
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riment ſerves as a peculiar confirmation, that 


the quickſilver in the barometer is ſuſtained at a 


certain height by the preſſure of the air, fig. 3. 2 
plate XIV. At the one end of a braſs curſor 


BCDE a ſmall tube CB is bent upwards; and 
at the other end DE bent downwards; and both 
of them ſtand perpendicular on CD. In G is a 
ſcrew, well ſecured with a piece of leather well 


drawn or worked in tallow, that no air'can per- 
vade it. In C a glaſs tube CAB is cemented, 


open below where it is cemented, but ſhut above 


in A. InD there is another glaſs tube DEF 


cemented, open at both ends. On the plate of 

the air- pump a ſmall veſſel IH with quickſilver, 
and over that a glaſs KL is placed; in whoſe 

neck is a cork ſoaked in oil and covered with 
cotton. Through the middle of this cork a hole 
' paſſes, through which the tube DF is ſtuck, and 
well ſecured with cotton. Then the air as much 
as may be, is pumped out of the glaſs KL, and 
both the tubes FD and CD; after which the 
tube DF is plunged into the quickſilver in the 
ſmall veſſel TH, and air left under the glaſs 
KL: And inſtantly the quickſilver riſes into the 
tube CA, as far as M, for inſtance, where is 
the height, at which it is wont to ſtand in the 


| barometer. On drawing out the ſcrew G, the 


quickſilver in the tube DF is directly forced 
down by the ruſhing air into the veſſel IH, and 
| the 
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the other quickſilver in the tube CA out of M 


up to A. Only the tube C A muſt not be quite 


too wide, that neither air nor quickſilver give 
way to each other. For, doing ſo, the air riſes 
above the quickſilver, and thus depreſſes . 


§. 117. With an equal degree of ſtrength, the 
air under ſuch a column of air, weigh it ever ſo 


little, preſſes by its ſpring againſt the weight 
lying on it, §. 80. 5 


If a weight of two pounds be hung at the 
ſmall air-pump, of which mention was made at 


the end of §. 112. and the piſton pulled up, 
and then held faſt; the tube with the appended 


weight riſes up. The wider ſuch a cylinder, or 
hollow tube, a greater weight may be forced up 


by the elaſticity of the air under it. The ap- 
pended weight may ſtand on a metal plate, while 


held on it with one hand, in, the time the piſton 


is pulled up. And on letting go the hand, the 


weight with the tube riſes up. From this it 


plainly appears, that even the little air, which 
is ſtill between the weight and the plate, has a 


degree of elaſticity, which ſurmounts the weight 


preſſing upon it. If this ſmall air-pump, with 
the appended weight is hung under a glaſs bell, 


while the piſton reſts on the internal bottom of 


the pump; the degree of <laſticity of the air 
diſcovers itſelf in a twofold manner. If the air 


under the bell is pumped out, the tube of the 
| pump 
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pump ſinks down with the weight. But if 
again admitted under the bell, the tube with the 
weight again aſcends. By the force of the air 
therefore the water is forced into ſquirts, ſiphons 
and water- pumps, on forming a ſpace in theſe 


inſtruments, containing either quite none, or a 


very rarified air. In order to make water riſe 
in one leg of a ſiphon and paſs over to the other, 
and run out thereat, the following particulars 
are neceſſary. The height of the one tube rec- 
koned from the level of the water, muſt be un- 
der thirty-one feet. And the aperture of the 
other, at which the water that roſe into it is to 
run out, muſt ſtand under the level of the water. 
For as the height of the tube in the water is un- 
der thirty-one feet; ſo the water by the preſſing 
air is forced through it into the tube. In this a 
ſpace void of air is produced: So that the water 
falls down by its weight into the outer. Now 
as with its mouth it ſtands under the level of the 


water in which the other tube dips; the weight 


of the column of water contained in the longer, 
is greater than the weight of the column of wa- 
ter contained in the ſhorter leg. And conſe- 
quently the weight of the water in the longer 
tube is greater than the counter preſſure of the 
air. The height in like manner, of a water- 
pump muſt be under thirty- one feet, as the air 
cannot preſs water any higher. 

v | K | 2 I 
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the other quickſilver in the tube CA out of M 


up to A. Only the tube C A muſt not be quite 


too wide, that neither air nor quickſilver give 
way to each other. For, doing fo, the air riſes 
above the quickſilver, and thus depreſſes it. 

§. 117. With an equal degree of ſtrength, the 


air under ſuch a column of air, weigh it ever ſo 
little, preſſes by its ſpring againſt the weight 

lping on it, $. 80. 

If a weight of two pounds be hung at the 

ſmall air- pump, of which mention was made at 

the end of F. 112. and the piſton pulled up, 

and then held faſt; the tube with the appended 


weight riſes up. The wider ſuch a cylinder, or 
hollow tube, a greater weight may be forced up 


by the elaſticity of the air under it. The ap- 
pended weight may ſtand on a metal plate, while 


held on it with one hand, in, the time the piſton 


is pulled up. And on letting go the hand, the 5 


weight with the tube riſes up. From this it 
plainly appears, that even the little air, which 


is ſtill between the weight and the plate, has a 
degree of elaſticity, which ſurmounts the weight 
preſſing upon it. If this ſmall air- pump, with 


the appended weight is hung under a glaſs bell, 
while the piſton reſts on the internal bottom of 


the pump; the degree of elaſticity of the air 
diſcovers itſelf in a twofold manner. If the air 


under the bell is pumped out, the tube of the 
| pump 


the 
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again admitted under the bell, the tube with the 
weight again aſcends. By the force of the air 
therefore the water is forced into ſquirts, ſiphons 
and water-pumps, on forming a ſpace in theſe 
inſtruments, containing either quite none, or a 
very rarified air. In order to make water riſe 
in one leg of a ſiphon and paſs over to the other, 
and run out thereat, the following particulars 
are neceſſary, The height of the one tube rec- 
koned from the level of the water, muſt be un- 
der thirty-one feet. And the aperture of the 
other, at which the water that roſe into it is to 
run out, muſt ſtand under the level of the water. 


For as the height of the tube in the water is un- 


der thirty-one feet; ſo the water by the preſſing 


air is forced through it into the tube. In this a 


ſpace void of air is produced: So that the water 
falls down by its weight into the outer. Now 
as with its mouth it ſtands under the level of the 


water in which the other tube dips; the weight 


of the column of water contained in the longer, 
is greater than the weight of the column of wa- 
ter contained in the ſhorter leg. And conſe- 
quently the weight of the water in the longer 
tube is greater than the counter preſſure of the 
air. The height in like manner, of a water- 


pump muſt be under thirty-one feet, as the air 


cannot preſs water any higher. | 
Vo hw If 
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condenſation. The compreſſion may be done 


Of FLUID BODIES, 
If ſome water-pumps ſcrewed on the plate of 
the air-pump, give alſo water in vacuo; this only 
happens, when the holes below in the plate of 
the rod are as narrow as Capillary tubes. And 


thus the water riſes here by virtue of the attrac- 


tion, §. 54, 58. Alſo ſome ſiphons run in va- 
cuo: But they alſo conſiſt of very narrow tubes, 


And on making the experiment with ſuch a fi- 


phon in vacuo, both tubes become ſoon full of 
water. Now water, by virtue of the attraction 
acquires a certain degree of ropineſs, whereby a 
falling part of water draws and ſnatches along 
with it another, with which it is in conta& 


above. And thus on opening the longer tube 


in vacuo, the water riſes ſo long out of the 
ſhorter, as the ropineſs of the water falling into 
the longer, is capable of drawing after it the 
parts of water in the ſhorter, | | 
By the ſpring of the air, which ſtands above 
the water in a veſſel with a narrow aperture, it 
may be put in motion as well in a ſpace void, 
as full of air. In vacuo the water is forced up 
out of a veſſel; as the preſſure, which the ſpring 
of the air contained therein, exerts on the water, 
finds no reſiſtance without the veſſel. But for 
the water to ſpring out of a veſſel in a ſpace full 
of air, the ſpring of the included air muſt be 
heightened either by fire, or by compreſſion and 


as 
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as well .by the compreſſing-machine, as alfo by 


water. 5 
$. 118. As the under air is compreſſed by the 
upper, and tends to expand itſelf on all ſides by 


a force, which is equal to the preſſure of gravity, 


ſo it preſſes by its ſpring not only upwards, but 


alſo ſideways, quite as ſtrong as the weight of 


the entire upper air. By this weight the ſpring 
of the under air is excited to preſs. And from 
this we may explain that aſtoniſhing preſſure of 
the air, which Guericke ſhewed with two hollow 


hemiſpheres of copper, in diameter nearly a 


Magdeburg ell, and which could not be parted 
aſunder by twenty-four horſes, twelve drawing 
on this ſide, and twelve on that. Schottus exhi- 
bits this experiment in his Technica, lib. i. c. 1 8 
on a copper- plate, and p. 47. adduces the letter 
in which Guericke deſcribes the experiment. A 
glaſs plane which is cemented on a veſſel, is 


cruſhed to pieces on pumping the air out of the 


veſſel; be the plane expoſed to the external air, 
either upwards, downwards, or ſideways, Wolfi 
us's Experiments, P. I. F. 109. So long as the 
air under the glaſs plane is as denſe as the air, 
that preſſes on it externally, the plane cannot be 
cruſhed by the external air: As the elaſticity of 
the internal acts as ſtrong, as the preſſure of the 
external. From a like reaſon, the hemiſpheres 
cannot be compreſſed by the external air, when 

f 1. filled 
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Of FLUID BODIES, 
filled with as denſe an air as the external. And 
this we are to conſider, when aſked how it comes, 


that the preſſure of the air is not incommodious 


to men and beaſts, For, ſuppoſing the external 
ſurface of a man's body to be equal to a ſpace 
of twenty feet ſquare, this ſurface will be preſſed 
on by the air as ſtrongly, as if a weight of water 


thirty- one feet high lay upon it. And multi- 


plying twenty feet ſquare by thirty-one feet 
high, the product gives ſix hundred and twenty 
cubic feet. And aſſuming a cubic foot of water 
to weigh 701b. the preſſure of the air on the 
ſaid ſurface of a man is equal to a weight of 
43400 lb. But juſt ſo ſtrongly preſſes the air 
contained in the ſkin and juices of the body 
againſt the external. 
$. 119. As a Cubic foot of air on the earth's 

ſurface weighs five hundred eighty-five grains, 
$. 115; ſo in cloſe veſſels uſed in making expe- 
riments, the preſſure of the air is to be eſtimated 


only by its elaſticity. Thus the quickſilver in 


the Torricelian tube, has in a cloſe glaſs veſſel 
juſt the height it has without it, when the air in 
the veſſel is juſt as denſe as the air without it; 


be the veſlel wide or narrow. 


It has been ſuſpeCted, whether a far more 
ſubtle matter than air was not the cauſe, that 


veſſels that let no air eſcape, are ſo ſtrongly 


compreſſed, . when including in their internal 
ſpace 
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exerted the force, which we have hitherto aſ- 
cribed to the air on the earth. 'T he following 


experiment ſhews how groundleſs is this conjec- 
ture, fig. 6. plate XIII. Under a glaſs bell 


ABC, above at D with a ſmall round hole, 
ſtopt up with wax, hangs another ſmaller abe 
at a ſpindle EF, which may be drawn up and 
again puſhed down, without any air that proves 
any thing conſiderable, getting by this motion 
under the bell. The great bell ſtands on the 
plate of the air- pump, the ſmaller hangs with- 
out touching the plate. After the air is fully 
pumped out, and thus the greater bell firmly 


preſſed to the plate; the hanging bell is puſhed 


to the plate and preſſed down upon it; ſo that 
its rim preſſes equally ſtrong the wet leather on 
the plate quite round. Now ſome are of the 
idle opinion, that the greater bell ABC was 
preſſed to the plate by the æther, as there was 
no air under the bell that could reſiſt its preſſure. 
But if the æther be the ſole cauſe, whereby the 
bell void of air, is preſſed to the plate, the 


ſmaller bell alſo ac muſt be faſt to the plate by 
the ſame cauſe, and be as little parted from it 


as the greater bell ABC. The experiment 
ſhews the contrary. On pulling at the ſpindle 


EF, the ſmaller bell is fo eaſily drawn up, that 


3 no 


: \ I 33 8 
ſpace either none, or but a very rarified air, It . 
is pretended, that the æther, or pure celeſtial air 
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no coheſion with the plate. can be obſerved. If 
the ſmaller bell is again preſſed down on the 
plate of the air-pump, and a needle ſtuck in the 
wax of the hole D, for air to enter into the great 
bell over the ſmaller; the ſmaller will ftick faſt 
at the plate, and the greater loſe its coheſion with 
it, and may thus be pulled up. 1 

The firmneſs, with which hemupheres void of 
air, hang together or cohere, can as little be aſ- 
cribed with any ground to the alone force of 


the ther, fig. 7. plate XIII. A copper hemiſ- 
phere C, on which above at D an iron ring is 


faſtened, ſtands on a braſs plate, between four 


and five inches in diameter, with a cock with 


which the plate is ſcrewed down on the air- 
pump. On the plate lies a moiſt leather. The 
air is pumped out of the hemiſphere. You ſhut 


the cock below at the plate, and remove plate 


and hemiſphere from the. air-pump, and fix on 
the cock an iron ring. Through this ring and 


the ring of the hemiſphere you draw a ſtring. 
On each ſide between four and five perſons may 


draw, without hemiſphere and plate parting 
aſunder. The firmneſs of the coheſion ſome 
would aſcribe to the bare action of the æther. 
But how idle is this opinion, the following ex- 
periment ſhews. Screw the plate with the he- 
miſphere again on the air- pump, and pump out 


the air quite, that in the courſe of drawing 


might 
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might have ſlipt through the leather into the _ 


hemiſphere. . Place on the plate at the rim of 
the hemiſphere a trivet EFG, with a wound 


| ſpring above, at which below is a hook. You 
preſs down the wound fpring till the hook 


catches in the ring of the hemiſphere at d. And 
thus the ſpring by its force ſeeks to draw up the 
hemiſphere. But it can only draw a few pounds. 


So that the hemiſphere remains firm at the plate. 
| You cover with a large glaſs bell the whole ap- 


paratus, and pump out the air. And being re- 
moved, the hemiſphere will be ſnatcht up by 


the ſpring. Now were the hemiſphere, previous 


to the pumping, preſſed to the braſs plate, not 
by the elaſticity of the air, but by the force of 


the ther; why ſhould not this æther alſo, after 
pumping out the air, have the power to over- 


come the ſmall force of the wound ſpring, and 


maintain in this coheſion the hemiſphere, firſt _ 


preſſed down on the braſs plate, there being air 
neither over nor under the hemiſphere, whoſe 


force can weaken the force of the æther? 


F. 120. If a circular ſurface A be preſſed on 
by juſt ſo denſe an air as is another B; the preſ- 
ſure on A to that on B, is as the ſquare of the 
diameter of the ſurface A to the ſquare of the 


diameter of the ſurface B. Suppoſe B in dia- 


meter to be one Paris foot; and A two; the 


preſſure on B is to that on A, as 1 to 4. And 
Eo thus 


\ 
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thus the ſurface A will be preſſed on by a force, 
four times as intenſe, as is the preſſure of 1703 
705 Ib. F. 116. For, if the air, preſſing on two 
ſurfaces, is equally denſe, the height in that caſe 
is then out of the queſtion. For, if both ſur- 

faces are preſſed on in open air, the heights of 
the air are in both equal. But if in cloſe veſſels; 
the preſſure conſiſts in the elaſtic force only, 
which in equally denſe air is equally intenſe, - 
§. 119. And therefore the preſſure of equally 
denſe air, on two circular ſurfaces, is to be eſti- ; 
mated by their magnitudes only. But the mag- 
nitudes of circular ſurfaces are to each other, as 
the ſquares of their diameters. 

The gravity and elaſticity of the air on the 
earth's ſurface act therefore againſt a circular 
ſurface, an inch in diameter, with a preſſure, 
nearly equal to the preſſure of 121b. For, the 
preſſure of the air on a circular ſurface, a foot, 


or twelve inches in diameter, is = 1703 — 75 - 1b, 


or 54512 loths, or half ounces, 5 The 
ſquare of 12 is = 144, and the ſquare of 1 = 
1. Now as the ſquare 144 is to the ſquare 1; 
ſo is the preſſure of the air againſt a cylindrical 
ſurface of twelve inches in diameter, to the 
preſſure of the air againſt a cylindrical ſurface 
of one inch in diameter. And thus, 144 : 1 : ; 


+ 54512 
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54312: 379, which divided by 32, the number 
of loths in a ee gives ns pounds twenty: 
ſix loths. | 
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20 FIRE. 
CHAP. I. | 


of the Notion of FIRE. 


5 121. ee is a mie and inviſible matter, 

| capable of expanding as well the air, 
as all viſible fluid, and ſolid matters on our 
earth. Some bodies, as moiſt wood, are, indeed, 
contracted - by the fire. But this contraction 
happens not in their proper ſolid parts, but the 
humidity only 1s expelled from their interſtices, 

F. 122. The expanſion produced by fire in an 
animal body, and perceived by the animal, is —_ 
called heat, and the feeling or perception of its | 
defect, cold. If a body contains ſo much fire, 
as to be able to excite heat in an animal body; | 
it is called hot, But if of ſuch a nature, as that = 
an animal, on contact with it may perceive cold, | 

it is called cold. In propriety, a body, which 
' excites 


5 
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excites heat, is to be called calorifick; and one,” 
that produces cold, frigorifick. But did we diſ- 


regard the diſtinction between the cauſe.and its 


action or effect; we muſt needs have aſcribed 


heat and cold to the calorific and e bo- 
dies themſelves. 


EH i 


Of the Thermometer and Pyrometer. 


F. 123. HE air, in which we live, excites 


at different times by means of the 
fire it contains, different interchanges of heat 
and cold in animal bodies. And this happening 
in animal bodies, the ſolid and fluid matters, 
co-exiſting with them in one and the fame air, 


are now pure, again leſs expanded and contract- 


ed. The quantities of this expanſion and con- 
traction are thus ſigns of the expanſion and 
contraction, which the air itſelf undergoes, by 


means of the ſtronger and weaker actions of the 


fire contained therein; and conſequently ſigns of 
heat and cold, which are improperly aſcribed to 
the air. An inſtrument, in whoſe matter a de- 
creafing and increaſing expanſion and contrac- 
tion, 3 by the heat and cold of the air, 

is 
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js obſervable, is called a thermometer, or heat- 


gage. Among the thermometers, in which the 
heat and cold of the air 5 and other matters, are 


diſtinguiſhable by the expanſion and contraction 


of a fluid matter, as ſpirit of wine, or quickſil- 
ver, Baron Molſus in his Experiments, P. II. c. 5. 
deſcribes Drebbel's, the Florentine, and the mer- 
curial. A further account of the improvement 
of the thermometer, profeſſor Muſcbenbroeck 
gives in his Eſſai de Phy/ique, c. 26. and the abbẽ 
Nollet in his Leons de Phyſique, P. IV. p. 393, 
ſeq. The quantity of heat and cold, obſervable 
by a thermometer, is uſually exprefſed by a cer- 
tain number of degrees. We ſay, for inſtance» 
the heat is thirty, or the cold is twenty degrees · 


By this we mean to indicate, that the fluid mat- 


ter in the thermometer has by the heat ſpread 
and expanded itſelf thirty degrees, and by the 
cold contracted itſelf twenty degrees. But if it 


be aſked, what quantities or parts are to be un- 


derſtood by theſe degrees: By the common ther- 
mometers no intelligible notion can be formed 


thereof. A degree is properly a part of a known 


and determinate quantity, which taken a number 
of times, is exactly equal to the quantity, as a 


whole or integer to its parts. For inſtance, if a 


Paris inch is divided into twelve equal lines, 
each of them may be called a degree. And 
therefore in order to determine, in an intelligible 


\ 
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Of FLUID BODIES: 
manner, the degrees of expanſion and contrac- 
tion, which a fluid matter undergoes in a ther- 
mometer by heat and cold; you are to divide 
the ſpace, which the fluid matter occupies in a 
determinate, degree of heat and cold, into equal 
parts. Suppoſe the ſpace, which the fluid in a 
thermometer occupied in a known and deter- 
minate degree of heat or cold, conſiſted of one 


thouſand cubic lines: A man would talk very 


intelligibly, to call one ſuch cubic line a degree. 

If there were two ſuch thermometers in two dif- 
ferent places, and the ſj pace of the fluids had de- 
creaſed in both about twenty cubic lines; this 
would be a ure indication, that the degree of 
cold in both places was equal. But had the 
ſpace of the fluids decreaſed in the one place A 


ten, and in the other B twenty cubic lines: The 


degree of cold in the place A would be to that 
in B, as ten to twenty, or as one ta two. Among 
the thermometers, on which the degrees are de- 
noted in an intelligible manner, the principal are 
Fabrenheit's, Reaumur's and De J He's. 
1. In Fabrenbeit's manner, you mix up in 

winter weather, after a ſtrong froſt, grated ice 
with fal armoniac, and place therein with its un- 
der veſſel a tube, filled either with ſpirit of wine, 
or with quickſilver, and mark the point where 
the quickſilver ſtands. On the table of the de- 
grees, at which the tube is faſtened, you mark 

| this 
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this point with O. Then you ſet this tube with 
the under veſſel in water, which by the natural 
cold is changed into ice, and you mark the point 
where then the quickſilver ſtands. The ſpace 
between both theſe points is divided into thirty- 
two equal parts or degrees; of which the thirty- 
ſecond terminates at the point, at which the fluid 


ſtood, as the water was turned to ice. After this, 


you ſet the under veſſel of the tube in warm 
water, which you ſuffer gradually to boil. The 
Point, at which the fluid, as for inſtance, quick- 
ſilver, remains ſtanding in the midſt of boiling 
water, is marked 212; as from it to the point of 
the quickſilver in frozen water are reckoned one 


hundred and eighty degrees. Laſtly, you let the 


quickſilver turn ſo hot over the fire, as to begin 
to boil. The point of its height is marked 600, 


the number of degrees being carried on from 


212, Now in order to examine, whether a 
greater degree of cold be ſtill poſſible in nature, 
than that produced by grated ice, mixed up with 
ſal armoniack; you ſtill ſet off on the table of 


degrees 100, 200, and more ſuch degrees under 
2 


M. Amantons firſt learned from experience, 
that common water has attained the greateſt de- 
gree of heat, when it boils, after which it can 
acquire no greater, remain it ever ſo long over 
the fire, and be the fire too never ſo intenſe. 

This 
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This he relates in his diſſertation on ſome pro- 
perties of the air, in which he deſcribes his new 
thermometer. It is inſerted in the memoires of 
the academy of ſciences for the year 1702. Tag- 


lini, a profeſſor of philoſophy at Piſa has oppoſed 


an experience to Amanions's propoſition ; viz. that 
a greater degree of heat may be given water, on 
letting it boil ſtronger. But then we are to 


conſider, that water in the firſt boiling attains 


not the greateſt degree of heat. If you let it 
boil for a quarter of an hour, while Fabrenheit's 

thermometer ſtands therein : The aſcended quick- 
filver continues ſtanding at one point, be the fire 
under the veſſel afterwards heightened to any 


degree at pleaſure. But at the ſame time you 


are alſo to regard the gravity and denſity of the 
air. In one and the ſame degree of the air's 
gravity and denſity, water too has one and the 


| ſame degree of heat. 


2. Reaumur filled his thermometer with ſpirit 
of wine, and ſet it in water, which he let freeze 
by art, on laying round the veſſel of water grated 
ice, mixed up with ſalt. He obſerved the point, 


at which the ſpirit of wine ſtood in the tube, on 


the water being by the artificial cold, ſkinned 
over with a film of ice, and allowed the ſpace, 


which the ſpirit of wine filled up ta the ſaid 


point of freezing, one thouſand equal parts, each 
of which he called a degree. The place, at 
4 . which 
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which the ſpirit of wine, condenſed by the freez- 
ing, ſtood in the tube, was as near again to the 
ball, as to the upper end of the tube. The de- 
grees were mutually equal; not as to the length 
of the tube, but as to the expanſion of the ſpirit 
of wine. If the volume of the ſpirit of wine, 
which in the artificial cold g one thouſand 


parts, was encreaſed about - — — part, the ther- 
mometer ſhewed one Ha . heat. If the 
volume was encreaſed about — — — part, the ther- 


mometer ſhewed two aa The degrees 
| were wrote on the table on both ſides of the 
tube. On the one fide, as for inſtance, the right 
you write O, by which the freezing point is 
denoted. The firſt degree under that is called 
I; the ſecond 2, and ſo on in numerical order. 
And thus is the row or ſeries of the degrees of 
deſcent, or condenſation. Above O were alſo 
wrote 1, 2, 3, up to 80. Theſe are the degrees 
of aſcent or expanſion. On the other ſide of the 
tube, to the left, you write at O, as the freezing 
point, 1000; the volume of the ſpirit of wine, 
ſtanding there in the artificial cold, having one 
| thouſand parts. Immediately under that, is 999; 
under this, 998, &c. And hereby the degrees of 
fall were denoted. Above O to the left came 


1001, 1002, 1003 up to 1080, as the degrees of---- 
aſcent. 
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aſcent. And thus the degrees to the right ex- 


preſs by the numbers 1, 2, 3, 4, &c. how much 


the ſpirit of wine has expanded above O, as the 


point af artificial freezing, and contracted under 


the ſame point. The numbers on the left ſhew 
the actual volume of the ſpirit of wine, that, in 
the artificial freezing, conſiſts of one thouſand 


equal parts. This volume is now diminiſhed by 
the encreaſing cold, and conſiſts of 999, 998, 


997, &c. parts: again enlarged by the encreaſing 
heat, and conſiſts of 1001, 1002, 1003, up to 


1080 degrees. 
For theſe thermometers you are to take bes 


and balls of ſufficient width or bore, in order to 
have the variations of heat and cold ſufficiently 
diſtinguiſhable thereon. The diameter of the 
tube may be between two or three lines and 


above, and that of the ball four inches and over. 


The length of the whole thermometer i is between 


four and five feet. 
The preparation thereof, as given by Reaumur, 


is deſcribed in the memoites of the academy of 
ſciences for the year 1730, and in thoſe for the 


year 1731. The graduation he executed by the 


following rules. For filling he had ſmall and 


great meaſures. A ſmall meaſure contains only 


ſo much ſpirit of wine, as to ſtand in the tube 


between three and four lines high. The great 


meaſures, which ſerve for diſparch, differ in ſize. 
Many 


Many hold twenty-five; many fifty; many one 
hundred ſmall meaſures. By means of theſe 
meaſures we may alſo know, how many ſmall 


meaſures are contained in the ball and tube to 
the point, at which the ſpirit of wine ſtands in 


the cold of freezing water, and conſequently by 


the number of theſe meaſures determine the 
1000 parts of this volume. Suppoſe it con- 
tained one . meaſures, ſuch a meaſure 


would be — 7000 Part. A ſmall meaſure is a piece 


of a glaſs Fa 5 blown up in the middle like an 


olive, both whoſe ends terminate in ſlender and 
real capillary tubes. The length is between fif- 
teen and ſixteen lines, alſo quite two inches, and 


above: Such a meaſure 1s filled, ſo either the 


one end be dipt in ſpirit of wine, and the other 
ſucked at by the mouth, till the ſpirit has 
reached the tongue; or ſo the meaſure be 


plunged in the ſpirit quite above the olive, and 


thus allowed to riſe to the end of the other ca- 


pillary tube. The upper end of the tube you 


keep ſhut with a finger; or, which is ſtill ſurer, 
with the tongue; and ſo you heave out the mea- 
ſure, without a ſingle drop eſcaping, fig. 4. plate 
XIV. A greater meaſure conſiſts of a pretty 


IE 4 
"A 1. Yd, 
* * 18 
3 £m 7 . 
5 4 
* £2 * . 
# 


thick glaſs tube; between four and five inches 


long, with a ball, fig. 5. plate XIV. You ob- 
ſerve, how many ſmall meaſures go to one ſuch 
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the height, at which the fluid Sands by a ei 


| nr wich ag you mark- on the Hoke 


nearly the plage, where you think to have. the 
freezing point, with a fine thread, tied raund 


the glaſs. Now in order to graduate: You put 


into the tube of the thermometer by means of a 
funnel a meaſure of one hundred, alſo a greater, 
till the ball is full, and the fluid riſes up to the 
ſet point; and you fill the meaſure only with 


water. You ſeldom hit it with the meaſures, as 


that the ſurface of the water ſhall ſtand at the 
thread, being now ſomewhat above, again ſome- 
what under it. But then you need only ſhift 


the thread a little up or down, till having an 


equal height with the ſurface of the water. It 
often happens that the ball is not full by. the 
laſt meaſure of one hundred. And did you add 


one more thereto, the water would riſe too high 
in the tube. This you remedy by putting coarſe 


gravel or bits of glaſs into the tube, to fall into 


the ball, by which means the water riſes higher 


in the tube. If now the water ſtands at the 
point, at which you would have it; you pour 
out of the tube of the thermometer ſome of its 


water into a meaſure of twenty-five or thirty, till 


the meaſure j is full. And thus under the point, 


which m0 have allotted for the freezing, you 


obtain 
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obtain an empty ſpace of twenty-five or thirty 


meaſures or degrees. This done, you faſten 


the thermometer with wire at a ſmall board, on 
which a paper is glued, on which you mark the 


degrees with neat ſtrokes. The firſt ſtroke is | 
made at the place, where the ſpirit of wine is to 


ſtand in the cold of the freezing water. Then 
you make a ſtroke at the place of the empty 
ſpace of the tube, when you poured the water 
into a meaſure of twenty-five or thirty. And 


then you fill a ſmall meaſure, and empty it into 


the tube. And where the water then ſtands you 
make a ſtroke. Again you fill the meaſure, 
and pour the water into the tube. And where 


now the water ſtands, you again make a ſtroke. 


This you repeat fo often, as the number of the 
degrees requires, that are to have place in the 


tube, and are to be marked on the glued paper. 


In this manner you come to have pure degrees, 
each indicating one and the ſame volume of 
matter, as you all along uſe one and the ſame 


meaſure for filling, As the water out of ſo 


ſmall a meaſure, as that to hold a degree, poured 
into the tube, runs down flowly into it, and al- 
ways inclines to apply itfelf to the glaſs; ſuch a 
meaſure is filled with quickſilver. For, this re- 
mains not ſticking to the glaſs, but falls quick 


to the bottom, and forces up the water. In 
like manner the degrees are marked above the 
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The grains of ſand and bits of glaſs are laid by · 
For, they come again into the thermometer, af- 


wine, till it ſtands three or four degrees above the 
thread, which indicates the artificial freezing. 
| You place the ball of the thermometer in a cy- 

lindrical veſſel of metal plate, that is ſomething 
wider than the ball. If the veſſel is ſo high, that 
its rim reaches the thread, which indicates the 
freezing point on the tube; the thermometer 
will be the more adapted directly to indicate the 
ſmalleſt changes of heat and cold, ariſing in the 
air. This veſſel is filled with water, and placed 
in a wider, and at leaſt as high a veſſel. The 
ſpace between the two veſſels you fill with fine 
ſtamped ice, which is mixed up with a good 


| cloths are laid over the icy matters. On theſe a 


vered with cloths. If the ſurface of the water is 
_ froze, the ſpirit is near the deepeſt point, to 
which in this degree of cold it can fall. And 
when you think it is almoſt as deep as it well 
can; and it ſtands under the marked freezing 


point; 


=” 


freezing point. Now after the board is gradu- 
| ated, the water with the gravel or bits of glaſs 
and quickſilver is done out of the tube and ball. 


ter drying. The thermometer alſo is well dried. 
And when dry, you pour in ſo much ſpirit of 


quantity of ſaltpetre, or ſal- armoniack, or ſea- 
ſalt. In order to accelerate the freezing, linnen 


layer of rubbed ice is laid, and that again co- 
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point; with a ſmall funnel you gradually put 
more ſpirit thereto, till it reaches the place of 


the thread. If the fpirit of wine fall no farther, 
yet let the ice that was produced, melt again, in 


order to be able to take out the ball without 


danger. If the ſpirit put in remains ſtanding 
above the thread, you ſling a lead ball on a 
wire-thread, which you convey into the ſpirit. 


Some of it ſettles on the ball and wire. After | 


repeating this for two or three times you gain 
your end. This circumſtance requires the great- 


eſt attention. For, an error of + or F of a de- 


gree happening, runs through the whole de- 


grees. After taking the thermometer out of the 
ice, it is hermatically ſealed. And for this pur- 
poſe you ſet the ball of the thermometer in wa- 
ter, which you gradually heat. The ſpirit of 


wine riſes, and the air goes out at the open end. 


The air remaining behind muſt not be rarified 
quite too much. For otherwiſe, in a great de- 


gree of cold the air goes out of the ſpirit into | 


the empty ſpace of the tube, and on the return- 
ing heat hinders the ſpirit in the riſing. You 


procure a moderate rarifaction, on ſtopping the 
upper aperture of the tube with a mixture of 


turpentine and wax, and with a varniſh drawn 
over beſides. Yet you may alſo ſeal the end of 


the glaſs at the lamp, without rarifying the air 
in the tube too much, on drawing out the end- 
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of the tube into a hollow tender. thread, and 
then ſuddenly running or melting its end. Now 

all this being done, the thermometer 1 iS faſtened, 
on the graduated board. The thread on the 


tube, which indicates the freezing point, comes, 


to the ſtroke on the paper. 
But, in two ſuch thermometers, in 1 to 
compare the degrees together; it is neceſſary, that, 


the ſpirit, in both be of one and the ſame ſort 
and goodneſs, For, were there in the one A a, 


ſtronger than in the other B; A would indicate a 
greater degree of heat than, B, tho' both ſtood in 


one and the ſame air. For, a 8 ſpirit may 


be more expanded and rarified by.the heat than, 
a weaker in one and the ſame. degree of heat, 

M. Reaumur filled his thermometer with a ſpirit, 
whoſe volume in the cold; freezing water, had; 
400, and in the heat of. boiling. water 435. 

And dividing both numbers by 5, the firſt is to 
the ſecond, as 80 to 87. He put into a long- 
necked cucurbit or body four hundred ſmall 
meaſures of ſpirit, and mar ked the point of the 
neck, at which the ſpirit ſtood in the artificial 
freezing. Then he obſerved, how high the heat 
of boiling water would raiſe it. But the ſpirit 
boils long before the water boils. Conſequently, 
it ſhould appear, that the extent-point, to which 


the ſpirit, riſes, could not be determined. N. 


Reaumur got over en difficulty by the follow- 
ing 
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ing deviſe, As ſoon as the ſpirit heaved or 


bubbled up in the heat of the boiling water, he 
took the body or cucurbit out of the water. 
The bubbling ceaſed, and the ſurface of the 


ſpirit became level. He put the body again in 
the water. The ſurface of the fpirit turned le- 
vel on the ceaſing of the bubbling, but ſtood 


higher than before. This operation M. Reau- 


mur continued ſo long, till the ſpirit in this al- 
ternate taking it out of the boiling water, and 
putting it in again, remained ſtanding at one 
point. This point he deemed the fixed extent⸗- 


point of the greateſt degree of expanſion, which 


the heat of the boiling water could give to the 


on this occaſion, was ſuch, as in the ſpobn in 

which it was fired, to leave no Water bei 

and alſo to fire gun- powder. 75 | | 
The bigger a ball filled with ſpirit, the ger 


time is neceſſary before the heat of the air can 


pervade to its centre. Now heat and cold in 


the air are ſubject to frequent quick variations. 
The bigger therefore the ball of a ttiermometer, | 
_ the leſs adapted it is, to indicate the true quan- 


tity of the heat and cold of the air. Thi degree 
of heat ariſen in the air, may decreaſe before it 
has penetrated the entire ball. In like manner, 
the degree of the cold of the air may be dimi- 
niſhed before the inmoſt ſpirit in the ball. hag 
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cooled in an equal degree. In order to obviate 
this defect, M. Reaumur adviſes, inſtead of the 


ball of a thermometer, to take a cylindrical box. 
As the ſpirit of wine has froze in a great de- 


gree of cold, as in 1737 was experienced at Tor- 


na in Lapland, you fill Reaumur's thermometer 


with quickſilver inſtead of ſpirit. 
In Fabrenbeit's thermometer, the ſpace of the 


quickſilver between the freezing point and the 
point of the heat of boiling water, conſiſts of one 


hundred and eighty degrees. For, the point at 


which the quickſilver ſtands in the cold of the 
water turned to ice, is marked 32; and the 


point at which it remains ſtanding in the heat 
of boiling water, 212. Now deducting 32 from 
212, there remain for the ſpace between theſe 
two fixed points one hundred and eighty degrees. 
In Reaumur's thermometer this ſpace js ninety 


degrees. For, a degree in Reaumur's thermome- 
ter is equal to two degrees in Fabrenheit's. © As 


an example may ſerve the obſervation, which 


M. Maupertuis relates in his Figure de la terre, 
lib. iii. c. 2. ſet. 5. M. Maupertuis, and the 

other academicians, who were to meaſure a de- 
gree of the meridian at the north polar circle, 
propoſed to make experiments with a pendulum 


clock on the degree of gravity there. For this 


purpoſe it was neceſſary to keep up one and the 
ſame e of heat in the apartment. They 


there- 
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therefore hung at the ſides of the pendulum- N 
clock, Fabrenbeit's and Reaumur's thermometers. 
Fabrenbeit's was executed by M. Prins, and 
-Reaumur's was filled with quickſilver by the ab- 
be Nollet. The obſervation was continued from 
April 6, 1737, for five days ſucceſſively at Pello 
a village in Finland. The degree of heat was 
kept up at ſuch a pitch, as that for thoſe five 
days and nights the ſpirit in Reaumur's thermo- 
meter ſtood conſtantly between 14 and 13, and 
the quickſilver in Fabrenheit's always between 
60 and 62. The difference between 14 and 13 
is = I, and between 60 and 62 2. And 
therefore the ſpace 180, contained in Fabrenbeit's 
thermometer between the points of the greateſt, 
and leaſt degree of heat of the water, divided by 
2; there'come out ninety degrees for the ſpace 
between the ſaid points in Reaumur's thermo- 
meter, . FE 8158 | 
3. M. Deliſie towards the cloſe of the year 
1733, began to execute a thermometer in a new 
method which he afterwards uſed as a ſtandard 
in adjuſting other thermometers. The method 
he uſed for the purpoſe, he read openly in the 
academy of ſciences at Peterſburg in 1733, and 
ſubjoined it, p. 269, ſeq. to his Memoires pour 
ſervir a Þ hiſtoire et au progres de!“ aſtronomie; de 
la geographie, et de la phyſique. This thermome- 
ter, conſiſting of a flaſk-like veſſel or cylinder, 
| | and 
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and an annexed tube, he filled in the time of a 


very ſevere cold with pure mercury, and then 
placed it in water, which was gradually heated, 
and at laſt brought to boil. As the quickfilver 


was expanded: by the heat, part of it ran our at 
the perpendicular ſtanding tube: And continued 


to run ſo long, till the water had attained the 
higheſt degree of heat of which it is capable: 


The tube the while remaining full of mercury 


quite to the upper aperture. The entire ſpace, 


which the: quickſilver occupied in the heat of 
the boiling water in the cylinder and in the 
whole length of the tube, he divided in general 


into - 100,000 equal parts; or equal | ſpaces. Then 
he inquired, how many ſuch parts were con- 
tained in the tube alone, reckoning from the 
point, where the quickſilver had ſtood in the 
heat of the boiling water. This he diſcovered 


on weighing as well the quickſilver in the cylin- 
der, as alſo the quickſilver in the tube quite to 
the ſaid height, each apart. For, as the ſum of 
both weights, or the weight of the quickſilver 
in the whole ſpace of the thermometer is to 
IoOOO0O parts of this whole ſpace,. ſo is the 


weight in the tube to the ſpace therein in a hun- 


dred thouſand parts. In this manner he made 
three great mercurial thermometers, which he 
exhibited in their natural dimenſions on a plate. 
On the tube of the firſt 2400 degrees are mark- 
g 15 ed, 
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ed, each of which is a hundred thouſand part, | 
or a particle, 100000 of which make out the 
whole ſpace. On weighing the maſſes of quick- 
ſilver contained in the cylinder and tube of this 
thermometer, he found the whole ſpace to con- 
ſiſt of 54760 parts. In the great cold, at the 
time of the experiment, the quickſilver ſunk in 
the tube through a ſpace. of 681 ſuch parts. 
Theſe 68 1 parts amounted to 1243 of the hun- 

dred thouſand parts, which was in general aſ- 
ſigned the ſpace. For, 34760: 100000 :: 681: 
1243. If the number 100000, which:expreſſes 
the whole ſpace of the quickſilver, is:dividedi by 
the number of ſuch hundred thouſand particles, 
as the degrees, by which the quickſilver in the 
tube falls in a certain degree of cold: Phe quo- 
tient ſnews, by how much the quickſilver in the 
thermometer is become denſer by the cold. 
Suppoſe it fallen down 2000 degrees in a certain 
degree of cold, it would be denſer by the fiftieth 
part; in regard 2000 is contained fifty times in 
100000. parts. For, by as many parts, 100000 
of which make out the whole ſpace, as the 
quickſilver ſubſides in the cold, by ſo many 
particles will the ſpace filled up before, be now 
empty. But by how many parts the ſpace filled 
up before, is now empty, by ſo many parts the 
denſity encreaſes, The firſt you find, ſo you. 
divide 100000, as the whole ſpace, by the num- 
3 | ber 
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ber of the degrees, by which the ſpace, in the 


ſubſiding of the quickſilver, is become empty. 
After M. Deliſie had brought this principal 
or ſtandard thermometer to bear, he afterwards 
executed ſeveral others with leſs trouble; only 


that he examined, what ratio the ſpace of the 


tube had to the ſpace of the cylinder. He filled 
theſe thermometers with quickſilver, and placed 


them in warm water, which was gradually heat- 


ed, and marked the place, which the quickſilver 
reached by the greateſt heat of the boiling wa- 


ter. After this, he ſet ſuch a thermometer along 


with the ſtandard thermometer in one and the 


ſame degree of cold of the air. And when pretty 
great, he divided the ſpace, through which the 
quickſilver, from the place which it had in the 


heat of the boiling water, to the place at which 
it ſtood in this degree of cold, into ſo many 
hundred thouſand particles, or degrees, as the 
ſtandard thermometer in this very degree of cold 


exhibitec. | 


Deliſſe's ſtandard thermometer is of very 
difficult execution. It is to be undertaken in a 
great degree of cold; which all the time the 


operation laſts, muſt remain unchanged. No W 


the degree of 'cold changes almoſt every hour. 


And therefore it is ſeldom we attain to that de- 


gree of certainty, that the diviſion of the degrees 
accurately coincides with the diviſion of the maſs 
of 
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of the quickſilver. We are therefore to pitch 


upon a certain degree of cold, which we know, 
continues all along one and the ſame; and then 


to compare the ſpace which the quickſilver in 


the thermometer occupies in this degree of cold, 
with the ſpace which this very quickſilver in the 
thermometer fills up in the heat of the boiling 


water. Turn the water of a river to ice when 


it will, the degree of cold hy which the ice ariſes, 


is one time as great as the other. This has been 


found by many trials as well in the water of the 
Neva, as in the waters of Siberia. The experi- 
ments in the Neva were made by profeſſor He 


Maeitbrecbt, of the academy of ſciences of Peterſ- | 


Burg, with a thermometer, which M. Deliſie ad- 
juſted by his ſtandard thermometer, and whoſe 
internal ſpace to the point of the greateſt degree 
of cold, in which his ſtandard thermometer was 
made, he divided into 10000 parts. Theſe ex- 
periments made in the Neva are deſcribed in the 
Commentarii Acad. Petropolit. T. VII. p. 235, 


ſeqq. In Siberia profeſſor Gmelin in November and 


December 1737, and in January and February 
1738, made the ſame experiments with all ima- 
ginable care; and every time obſerved one and 
the ſame degree of cold as well in running as 
ſtanding waters, when their ſurface is covered 
with ice. The quickſilver in Reaumur's ther- 
mometers, which were made under the direction 
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of FLUID BODIES. 
of M. Deliſie, ſtood every time at the 1 52d de- 
gree, when the balls of the thermometers were 


under the ice in the water, how great ſoe ver the 


degree of the cold of the air and ice might other 
wiſe be. Profeſſor Gmelin relates this in the 
Comment. Petropolit. T. X. p. 303, ſeqq. 5 

Profeſſor Weitbrecht has therefore pitched upon 
the degree of cold of the water turned to ice for 
determining a fixed point, at which the quick- 
ſilver in a thermometer remains at length ſtand- 
ing, when taken out of the heat of the boiling 
water, and always left to a leſs degree of heat of 


the water down to the leaſt thereof. Now as he 


hung the ſaid thermometer of M. Deliſie which 


was made by the ſtandard thermometer in the 
ſtream; the quickſilver remained ſtanding at the 


152d degree, when the water of the Neva was 


turned to ice. He examined it as well with this 
as with another thermometer, at different times. 
The quickſilver ſtill remained ſtanding at this 


very degree. So that he held this degree, as a 

152 
10000 
meter, for the degree of cold, in which water 
turns to ice. But he came to ſuſpect this, when 
he examined this degree of cold by the other 


particle of the whole ſpace i in the thermo- 


thermometers made after Deliſios ſtandard; the 
the ſtandard thermometer. In theſe the mer- 
cury remained ſtanding not at the 152d degree, 


though 
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though they hung in the very ſame water, whoſe 
degree of cold brought the mercury in the firſt 


thermometer to ſubſide to the ſaid degree. The 


difference amounted to one, two, and more de- 


grees. He made the experiment in the preſence 


of M. Deliſie, when he hung his ſtandard ther- 
mometer along with his own, which was adjuſted 
by it, in the water of the frozen river. In his 


thermometers of Deliſle, which were adjuſted by 
quickſilver ſtood at the 152d degree, and in the 


ſtandard thermometer itſelf only at the 149th. 
If inſtead of 100000 particles you aſſume 10000, 
1495 will come to the ſame thing as 1494. 
For, 100000 : 10000 : : 1495 : 1492. And 
thus the difference conſiſted in 2 4 degrees. M. 
Weitbrecht therefore examined the thing by new 
thermometers, which he moltly executed in De 
lifle's manner; only that he compared the ſpace 
in the tube of the thermometer between the 
place, at which the quickſilver ſtands in the heat 
of the boiling water, and between the place, at 
which it ſtands in the cold of the freezing, with 
the remaining ſpace in the thermometer. He 
proceeded in executing theſe thermometers, 
which he deſcribes in the Comment. Petropolit. 
T. VIII. in a twofold manner. In both ways 
he firſt of all weighed the empty thermometer. 
And in the firſt method, he filled the cylinder 


and a part of the tube with quickſilver, and 
weighed 


160 


ice. Then he marked the place, to e 
8 


water. The way or ſpace between theſe limits 
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weighed this maſs; but marked the place,” at 
which it ſtood in the cold of the water turned to 


roſe by the expanſion in the heat of the boilin 


of heat and cold, he meaſured out or divided 
into ten parts of a line, ſuch as ten lines make 


an inch, and twelve inches an Engliſh foot. Af- 


ter having meaſured this way, he put the ther- 
mometer again in water, which by the cold was 


turned to ice, and filled up the ſaid way or ſpace 


in the tube with quickſilver, and ſought the 


weight of this addition. In the ſecond method 


he filled the thermometer quite to the top, as it 
ſtood in water turned to ice, and weighed the 
whole maſs of the quickſilver, which the ther- 
mometer contained in this degree of cold. Then 


he conveyed the thermometer into warm water, 


and weighed the maſs, which by the heat of the 
boiling water was forced out of the tube. After 
this he ſet the thermometer again in water, 
which was turned to ice, and marked the place 
at which the ſubſiding mercury remained ſtand- 


ing. The entire ſpace in each thermometer he 
divided with M. Deliſie in general into 100000 


equal parts. In the one thermometer which he 
called A, the mercury, which in the cold of the 


freezing water ſtood in the tube at the place A, 
weighed 1861 grains. Then he filled the tube 
3 | full 
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full up to B. And then the whole maſs of the 


© | quickſilver weighed 1890 grains. So that the 


quickſilver in the ſpace AB, between the limits 
of the heat and cold, weighed 29 grains. The 
length of the ſpace conſiſted of 316 decimal parts 
of the "wh The maſs 1861 contained therefore 


98465 585 — 55 5 Parts of I00000, For, 1890 . E. 


I00000 : 1 98465 55. The maſs 29 


in the Pak AB contained 1 534 — parts of 


100000. For, 1890 : ies 29: 1334 


740 

1890˙ 
as that it ſhould hold all the quickſilver; the 
length of the ſpace which 1861 grains filled up, 


Did we incline fo 1 to lengthen! the tube, 


would have had 20278 25 decimal 2 85 of che 
line. For, 29: 1861 1 5 : 20258 6 The 


entire kg of the whole maſs mould be de 


20594 = = S decimal parts of the line. For, 29 : 
1890 1776 20594 35 Of 100000 particles 


3 there come = 5 pa to the length, 


20278 - — * which 1861 grins v would have filled 


up. 5 0 20594 25 10000 :: 20278 2 


98465 Hs, 58 to the length of the ſpace 


. NM 316, 


161 
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316, which the quickſilver between the limits of 


-the heat and cold fills up, of 100000 ee 


there come 1534 5972. For, 20594 25 4 : 100000 
23884 | 
1855 1 — —. 
73 534 50724 


If you divide the fraction 2306 8 by 316, you 


| have 75 75 a fraction of equal value, And thus 


189 
of 100000 particles or ſmall parts, there come 


9 534 255 180 50 the length of the ſpace AB. And 


Dass 10000 for 100000, there come out 153 
2 of ſuch 10000 particles for the quickſilver in 
the ſpace AB. For 100000 : 10000: : 1534 


: | + 
189 153 r 


Now M. Weitbrecht applied himſelf to exa- 


: mine, whether alſo in the other thermometers, 
the ſpace of the quickſilver, between the limits 
of the heat in the boiling water, and the cold 


in the freezing, would have 153 + degrees, on 


giving the entire ſpace 10000 ſuch parts or de- 
. grees in general. He made five more experi- 


ments, and found every time a difference. The 


Laid ſpace was, 


In the firſt experiment = 1 53 4 r degr. 
In the II. 148 4 
In the III.— ' = 1614 


In 


Sy 


0 


In 
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In the IV. .— = 1564 
In the K — = 1 
In the I. — = 149 5% 


This difference may ariſe from a ſmall error 
in the weighing. In the thermometer, which 


M. Weitbrecht had adjuſted by Deliſſe's ſtandard 


thermometer, and hung at the ſame time along 


with it in the water of the Neva, covered with 


ice, the quickſilver ſtood at the 152d degree, 


and in Deliſie's at the 149th 2. Inſtead of the 
100000 parts he allowed only 10000 to the 


whole internal ſpace of the quickſilver. And 


8 deducting 132, as the degree, which the 


quickſilver traverſes from the greateſt heat of 


the water down to the leaſt, from 10000; the 
ſpace in which the quickſilver, contracted or 


condenſed by the cold of the freezing water, is 


contained, conſiſts of 9848 ten thouſand parti- 
cles. The quickſilver contained in this ſpace in 


the thermometer, which M. Weitbrecht calls A, 


weighed 1861 grains. By the proportion, which 


9848 has to 10000, the. maſs of the quickſilver 
of 1861 grains, with the other maſs in the ſpace 


AB, which the quickſilver runs through from 
the greateſt degree of heat of the water down to 
the leaſt, ſhould conſiſt of 1889 4 grains. For, 


9848 : 10000 : : 1861 : 1889 6508 48 


And this fraction divided by 1 is = 4, 


Mz 5 
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nearly. But the weight of the whole maſ 
amounted to 1890 grains. So. that q of a grain 
in the weighing was given tao much. Were 
the weight of the entire maſs juſt; the mals, 
with which M. Weitbrecht filled up the ſpace 
AB between the limits of the leaſt and greateſt 


degree of heat of the water, mould weigh 28 


grains. For, 10000 : 1890 152: 28 7280 | 


10000 
And this fraction rides by 2427, is - 


nearly. But the maſs in the ſaid ſpace weighed 
29 grains, And thus its weight was aſſigned 


about + too great. As the error is ſo ſmall; it 


appears, the diviſion of the way or ſpace, which 
the quickſilver traverſes from the greateſt de. 


gree of heat of the water down to the leaſt, into 


= of a particle or degree might be aſſumed 


as a rule, by which the degrees of heat and cold 
might be pretty accurately pa and 
judged of. 


But if you align 15555 5655 a — to the 


length of way, which he quickſilver accom- 


pliſhes, when carried from the greateſt heat of the 


water to the leaſt; the error is juſt as ſmall, and 


which may have ſlipt in, in the weighing; and 


- conſequently we have in this diviſion juſt as good 


a rule for determining the degrees of the heat and 
cold. For, deducting 150 from 10000, there 


come 
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come to remain 9850 ſuch particles to the ſpace, 
which the quickſilver in the cylinder and tube 
occupies to the place, at which it ſtands in the 
cold of the freezing water. In this place the 


quickſilver in: Weitbrecht's thermometer, which 


was above called A, weighed 1861 grains. And 
thus by this reckoning there come 1889 3 8 
to the whole ſpace. For, 9850: 10000: 


1861: 1889 . And this fraction divided Z 


335, is = + nearly. The quickfilver in the 
whole ſpace weighed 1890 grains. So that the 
balance gave 5 of a grain too much. And juſt 
by ſo much was the weight of the quickſilver in 
the ſpace A B, between the limits of the greateſt 
and leaſt degree of heat of the water, too great, 


when on weighing the whole maſs there had 


been no error committed. On the balance the 


quickſilver in the ſaid ſpace AB weighed rj 


grains. But by the calculation it ſhould weigh 
only 28 f. For, 10000 : 1890 : : 150 : 28 


350 . which fraction is = 7 nearly, on dividing 


it by 350. 
In Delifie's ſtandard thermometer, the ſpace of 


the quickſilver within the limits of the greateſt 


1495 _ 
and leaſt degree of heat of the water, was 7665 


of a particle, or ſmall part. And deducting 1495 
| M 3 from 


165 
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from 100000, the remaining ſpace is 98 503. 
Now had the quickſilver in this ſpace, in Weit- 
brecht's thermometer A, weighed 1861 grains, 
it had only weighed 1889 4 grains in the whole 
ſpace. For, 98505 : 100000 : : 1861 : 1889 


5 8. And the fraction divided by 2405 5, is 


z, And thus the balance has given + of a 


—_ in weight too much. And juſt this the 


calculation ſhews, on ſeeking the error of the 


weighing in the maſs of mercury, which the 
ſpace AB, between the limits of the greateſt and 


leaſt degree of- heat of the water, contained, 


: 25550 
100000 : 1890 : : 1495 : 26 :. 


As the error, which by the calculation, falls 
to the weighing the quickſilver, is every time 


very ſmall; whether you aſſign the ſpace which 
the ee runs over, from the greateſt down 


to the leaſt degree of the heat of the water, in a 


thermometer, either 152 degrees, or 150, or 
149 *: And: ſo one is at a ſtand which of the 
three numbers to fix on for the ſaid ſpace. M. 


IWeitbrecht ſought more accurately to determine 


the weight of the quickfilver, on ufing the hy- 


droſtatical balance, deſcribed by Graveſande in 
his Elementa Phyſices, F. 271. He therefore con- 


tinued to make experiments with three thermo- 


meters, uſing all the circumſpection poſſible; 


but 
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but in the calculation found no agreement 


1 among the experiments; and the error, which 
BY in the weighing might have ſlipt in, in all the. 
le three numbers 152, 1 50 and 149 +, conſiſted in 
0 a minutia, or very ſmall matter. The reaſon, 
5 why this error cannot be avoided, lies in the 
18 quickſilver. For, be the thermometer filled 
a either in the cold or in the heat, you ſeldom 
e ſucceed, to have the quickſilver ftand at equal 
- height with the aperture of the tube, and fully 
e apply to the internal rim of the glaſs, as-remov- 
1 ing to a diſtance from the internal rim, and 
: forming in the middle a ſmall eminence. And 
| thus in the ſpace,. which the quickſilver has tra- 
: verſed from the greateſt down to the leaſt de- 
3 gree of heat of the water, there may very eaſily 
p be a ſmall globule, and conſequently in the 
weight a third or half, or a whole grain, either 


too little, or too much. And as thus there are 

{2 no hopes of coming to a perfect harmony in 
experiments: The queſtion is, which of the three 
numbers 150, 152, 149 + we are to pitch upon 

for the ſpace of the quickſilver between the 

_ greateſt and leaſt degree of heat of the water? 
The length of the ſpace remains one and the 
ſame, whether you divide it into 150, 152, or 
149 + degrees. But the ſingle degrees in the 
one number differ in length from the ſingle de- 
grees in the others. Yet that difference in ther- 
e M4: mometers, 
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mometers, where one degree is ſcarce r of a 
line, or 5 of a line in length, is ſo ſmall as not to 
be diſtinguiſhable by the eye. If, for inſtance, in 
the number 150, the length of a degree is = Fo 


of a line; ſo a degree in the number 153 is about 


As particle of a line leſs. For, both numbers 
repreſent one and the ſame length of the ſpace 


| between the limits of the greateſt and leaſt de- 


gree of heat of the water. Now if a degree in 


the number 152, as well as a degree in the num- 


ber 150, was gs of a line; the ſpace which the | 
number 152 denotes, would be about 4; of a 
line too long, For, multiplying both numbers 
by ve; the number 150 is , and the num- 
ber 152 . And therefore for the number 
152 to denote no longer a ſpace than the number 
x50; each r of a particle muſt differ in quan- 
tity from a ++ of a particle, and be by ſo much 
leſs, that the ſmall quantities, wanting to the 152 

particles, ſhall make out * of a line in 156 de- 
grees. Now dividing 150 by , the quotient 
ſhews, what part of the line comes to +45 of a 
particle, or to a degree. But in order to divide 
150 by E, you reverſe the fraction, and multiply 
the fraction , thence ariſing, by +542, The 
product, thereby coming out, is = . And 
dividing the numerator by the denominator, the 
quotient is = 250. And thus a degree in the 


number 130 is about x35 of a particle of a line 


greater 
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greater than a degree in the number 152, This 
difference remains undiſtinguiſhable to the eye: 
Neither would it be diſtinguiſhable, though in 
the number 150 a degree was = + line. For, 
as the number 132 denotes no greater length _ 


than the number 150, you have 2 half lines, 


that is, one whole, to be ſhared out among 180. 


And fo to one degree there comes ⁊ of a particle 


of a line. And on ene, the number 130, 
in which a degree is equal to S of a line, with 


the number 14911 a degree in the number 150 


is about +> of a particle of a line Jeſs than a 
degree in the number 1494. Both numbers differ 


about ; degree, and conſequently about 4; par- 


ticle of a line, from each other, when a whole 


degree is 1 of a line. For, a fraction is the 


half of another, when having the ſame numera- 
tor therewith, its denominator is twice as great 
as that of the other. So that , is to be ſhared 


out among 150 degrees; that is, 150 to be di- 
vided by . And if thus, according to the rule 


bs diviſion in fractions, 5 be multiplied by 

?, the product is = e. And therefore di- 
video the numerator by the denominator, the 
quotient is = 1000. If in the number 150 a de- 
gree is = x of a line, ſuch a degree is about x$+ 
of a particle of a line leſs than a degree in the 
number 149+. For, the half degree, about which 
both numbers differ mutually, makes out t of a, 


"1 line. 
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line. If therefore +52 be multiplied by 5, the 
product is = £22, and thus the quotient = 
600. Beſides, that a degree in the number 150 
differs inſenſibly in quantity from a degree in 
the numbers 152 and 149+, the diviſion of the 
ſpace, which the quickſilver runs over in the 
-tube of the thermometer from the greateſt de- 
gree of- heat of the water down to the leaſt, 
comes neareſt to the experiment by Deliſies 

_ ſtandard thermometer, on which this very ſpace - 
is marked 1494 degrees. And thus we have 
reaſon to prefer the diviſion of this ſpace into 
150 degrees to both the CURR VIZ. 152 and 
149%. . | 
M. Weitbrecbi toes in his diſſertation de 
Jphermometris concordantibus, contained in the Com- 
ment. Petropol. T. VIII. FS. 16. gives the follow- 
ing direction for executing thermometers mutu- 
ally harmonious. Take a glaſs tube, at which 
below is a ſomewhat wide cylinder. Its diameter 
may be 2, 4, alſo five lines, and the length from 
2 to 3 inches. The diameter of the tube may 
be from = to Fg of a line, and the length from 
10 to 12 inches. This inſtrument you fill with 
pure quickſilver, as far as you will, and you ſet 
it in boiling water, and then in freezing: And 
you mark as well the point, which the quickſil- 
ver reaches in the heat of the boiling water, as 


the point, at which it remains ſtanding in the | 
cold 
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cold of the freezing water. The length of the 


| ſpace between both theſe points you ſet off on a 


ſurface at the thermometer, which you may call 


the diviſion-table; and you divide the ſaid length 


into 150 equal parts or degrees. You begin the 


reckoning at the point, at which the quickſilver 
ſtood in the heat of the boiling water. And 
where 150 ſfands, there is the -point, at which 


the quickſilver ſtands in the leaſt heat of the 
water, as it begins to turn to ice. Under this 


point the diviſion begun is ſo far carried on, as 


the length of the tube admits. Did you chuſe 
to carry on the diviſion above 200 up' to 300, 


you are ſo to order and fill the thermometer, 
that the quickſilver in the cold of freezing water 
ſhall. reach to about the middle of the tube. 


The circumſtances neceſſary to be obſerved in 
executing the inſtruments, in filling them and 
preparing the diviſion- table, are ee §. 17. 
ibid. | 

As the cavity of the glaſs ics turns 
larger by the heat of the boiling water, and leſs 
by the cold of the freezing: A doubt ariſes, 
whether the ſpace which the quickſilver occupies 


in the thermometer in the greateſt degree of the - 
heat of the water, is accurately and in fact, to 
. the ſpace, which it fills up between the limits of 


the greateſt and leaſt degree of the heat of the 
ann, as 10000 to 1 ah ? M. Meitbrecht owns, 
that 
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kihat this cannot be affirmed with truth: But 
then he hints, that we only want to know the 
ratio of both the determined ſpaces to each 
other, in ſo far as the quickſilver is in an inſtru- 
ment, whoſe internal ſpace is variable. And 
here you may conſider profeſſor Kraft's Diſſerta- 
tio experimentalis de Thermometris, which is con- 
tained in the Comment. Petropolit. T. IX. p. 241. 
§. 124. And thus in theſe three thermometers, 
that of Fabrenbeit, Reaumur and Deliſe, having 
determined a ſpace between two known and 
fixt points, and divided it in each thermome- 
ter into certain aliquot or equal parts, called 
degrees, you may now compare theſe degrees in 
the three thermometers with each other. The 
ſpace between both the points in Deliſis, con- 
| ſiſts of 150, and in Reaumur's of go degrees. 
wt And thus 5 degrees in Deliſte's make 3 in Reau- 
| mur's; and conſequently 3 in Reaumur's make g 
in Deliſle's, For, - 
150: 90: ds 3y and 
90: 150 :: 3: 5. 
In Fabrenbeit's n the ſaid ſpace con- 
ſiſts of 180 degrees, F. 1 59. And thus 5; de- 
grees in Deliſe's make 6 in Fabrenheit's, and 


conſequently 6 in Fabrenbeit's make 5 in 8 
F Or, | 


130: 180 : 5: 6, and 
180 : 150 . 
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S8. 125. In order to reduce a number of Reau- 
mur s degrees, as for inſtance, 32, into thoſe of 


1 Di ifte, you are to multiply this number 32 by 


For, 3 of Reaumurs degrees give 5 of De- 
La So that by the rule of three you are to 
multiply the third number, as here 32, by the 
ſecond g, and divide the product by the firſt. 


That is, 4x 32. The product of which is = 


259 = 534. And thus 32 of Reaumwr's degrees 
give 534 of Detiſie's. In order to reduce a num- 


ber of Deliſſe's degrees, as for inſtance, 535 into 


Reaumur's; this number 535, you are to multiply 
by 3. For, 5 of Delifl's degrees give 3 of 
Reaumur's. And that is 4 x 53%. Now 53* 
was equal to #32. And therefore you fet down 
2. x #52, The product of which is = . 
And dividing the numerator by the denomina- 


tor, the quotient ſhes, that 53% of Deliſi's de- 


grees make 32 of Reaumur'ss And having to 
reduce a number of Fabrenbeit's degrees, as ſup- 
poſe 60, to thoſe of Deliſle's, you are to multiply 


this number by 5. And thus you ſet down +. 
x 60. For, 6 of Fabrenbeit's degrees give 5 of 


 Delifle's. The product of 4 x 60 is = 322. 


And dividing the numerator by the denomina- 
tor; the quotient ſhews, that 60 of Fahrenheit”s 


degrees are 50 of Deliſle's, And thus to re- 


s dut a number of prot $, a8 50, into Fans: 


273 
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heit*s, you are to multiply this number 50 by 3 „ 
And thus 3 x 50 = 538 = bo. 

$. 126. In theſe three thermometers if the 
freezing point was marked O; and the degrees 
of heat reckoned upwards from O, and thofe of 
cold downwards from O: In reducing the de- 
grees of the one into -thoſe of the other no fur- 
ther trouble would be neceſſary. As ſuppoſe 
the ſpirit of wine, or the mercury ftood in Reau- 
nur's thermometer 32 above O, it is evident 
from the product of 5 x 32, that the quickſilver 
in Deliſie's muſt ſtand 53% above O, ſuppoſing 
both thermometers expoſed to the ſame degree 
of heat. But the freezing point in Reaumur's 

thermometer is marked O, and in Delifte's 130. 
In Reaumur's you reckon the degrees of heat 
- upwards, going up from O; and in Deliſſe's 
downwards, in the reckoning going down from 
the point of the greateſt degree of heat of the 
water. And therefore to reduce a degree of 
Reaumur's above O to one of Deliſie's; Reaumur's 
degree muſt be deducted from 150. For, the 
degrees above O in Reaumur's approach to the 
point of the greateſt heat of the water. And 
even this happens, on deducting a number of 
degrees from 150. In order to reduce a degree 
of Reaumur's under O into one of Deliſie's, you 
- muſt add the degree of Reaumur's to 130. For 
in both thermometers the degrees under O indi- 
5 cate 
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.cate a greater degree of cold than the cold of 


the freezing water. Now as in Delifte s the cold 
of freezing water is denoted by 150; you have 
to add thereto the degrees in Reaumur*s thermo- 


meter under O, after reducing them into thoſe 


of Delifle's. Profeſſor Heinſius long ſince deviſed 
the following formula for the purpoſe, _ 

I = 150 F454 xR. 

I denotes a degree of Deliſie's, and R one of 
Reaumur's, and the ſign —, ſubſtraction; the 
5 ſign +, addition. You put the ſign —, when 


 Redumur*s degree is above O, and. the fign +, 


when under O. As, if R — 32 above O; then 
I = 150 — Xx 32 = 963. For, 4 X 32 


352, In order to ſubſtract this number. from 


150, you turn 150 into the fraction 44, and 


reduce both fractions to one denomination, by 


multiplying the firſt fraction 42 by the deno- 


minator of the ſecond 3; and the ſecond fraction 
132 by the denominator of the firſt 1; and you 


1 the fractions £42 and 22. And deducting 
the laſt from the firſt, there remains =32, and 


dividing the numerator by the denominator, the 


quotient is 963. If R under O was = 21, I 
would be = 150 +5 x 21 = 185. ph 


In order to find from a degree of Del ie's I a 
degree of Reaumur's R; you are firſt to reduce 
that of Delifie's to that of Reaumur' s. If this re- 


duced degree is above the freezing point, you 
| muſt 
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muſt deduct it from 90 degrees of Reaumur's, 


For, in Delſr's thermometer the degrees are 


reckoned downwards. So many ſuch degrees 
therefore as are reckoned in Deli/le's, fo many 
you take from go degrees in Reaumur's thermo- 


meter. Profeſſor Hein 4s has therefore given 


the following Ns 
As if 128 degree of the heat I = 1103 Ri is = 


I Del TH s degree is ; under the freezing point, 


the number conſiſts of the degrees above, and 


of thoſe under the freezing point 150. If there- 
fore this number is reduced to the degrees of 
Reaumur's, theſe in like manner conſiſt of the 
degrees above and under the freezing point. 
But in Reaumur's the degrees of cold are rec- 
koned without the degrees above the freezing 


point. So that you have to deduct go degrees 


from the reduced degrees, 1 from Deliſte's 
degrees. As, if I = 18533; R = 3 x 185 — 90 
= 21. 


If Det; 72 s degrees are under the n 


point, you need alſo only deduct from them the 
number 150. And thus you have the bare 
number of Deliſie's degrees under the freezing 


Point; as, 185 — 150 = 35. And then theſe 
35 degrees are reduced to Reaumur s, and thus 
give 21 of Reaumur s. For5:3:: 35 : 21. 


In 
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In Fabrenbeit's thermometer, the ſpace from 
the point of the cold, produced with ice and ſal- 


armoniac, to the point of the heat of boiling 
water, is divided into 212 degrees; which are 
equal to 1764 of Delifle's. For, 6: 5: : 212 

1764. In Fabrenbeit's thermometer the degrees 


above O are reckoned upwards from O. In 


Deliſie's you go downwards in reckoning. Hav- 
ing therefore a degree above O in Fabrenbeit's, 
and willing to know what degree it makes in 
Deliſſe's, you are to reduce it to Deliſe's degrees, 
and deduct it from 1767. Whereas having in 


Fabrenheit's thermometer a degree under O, and 


inclining to know what degree it makes in De- 
lifle's, you are to reduce it to Delifle's, and add 
it to 1762, For, theſe 1765 degrees, ſtanding 
in Deliſie's thermometer at the point, which in 
Fabrenheit's is marked O, are carried on farther 
under O. And thus you are to add to them 
the degrees, which in Fabrenbeit's ſtand under 
O. The formula therefore n 0 profeſſor 
- Heinſus is thus, 
| I = 17627 4 x 5 . 
The ſign of ſubſtraction — holds, when Fables 
heit's degree is above O. As, if F = 80 above 
O; Iis = 1765 —45 x 80 = 110, The ſign 


of addition + takes place, when Fabrenbeit's de- 


gree is under O. As, if F = 58 gs O; Lis 
= 1767 T Xx 58 = 225, 
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If a degree of Deliſie's is given, and you want 
to know, that anſwering to it in Fabrenbeit's; 
you are firſt to reduce Deliſie's to Fabrenbeit's by 
the ratio that is between Delifle's and Fabrenbtit's 
degrees F. 125; and then ſubſtract the number 
thence ariſing from 212. For, in Deliſſe's ther- 
mometer you reckon from the point of the 
greateſt heat of the water downwards; and in 
Fabrenheit's upwards to this point. Now ſo 
many degrees as are reckoned downwards, fo 
many are abated of thoſe reckon'd upwards. 


And therefore you are to deduct Deliſle's degrees, 


reckoned downwards, and reduced to Fabren- 


_ heit's degrees, from Fabrenbeit's 212. From a 


given degree of Deliſſe's I to find that of Fabren- 
heit's F, profeſſor Heinſſus gives this formula, 
F = 212 — KI. 48 

As, if I = 110, F is = 212 — £ x 110 = $6. 
It Deliſie's is greater than 1765; 212 is deducted 
from + x I. And the remainder ſhews the de- 
grees, that aſcend above the number 212, and 
thus are under O. As, if I = 225, F is = £ 
x 225 I — 212 = 58, under O. 

From the obſervations made on the degrees 


of heat and cold in different parts of the earth, 


either with Fabrenheit's, Reaumur's, or Deliſle's 
thermometer, profeſſor Heinſius has formed a 
table; in which, peculiarly remarkable inſtances 


of heat and cold are exhibited throughout by 


the 
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the graduation of Delifle's thermometer. On 


which in the year 1746, May 5, he read a lec- 


ture in the library of the univerſity of Lipfick 


before the young princes of Saxony, Frederick 


5 . and Aaverius. e 
Greateſt Degree of HiAr. 
Place of obſer- Latitulle of | Time of dbſer.. Degree 
vation, alſo ſome | the place. | vation N. Stile. 0 the 
remarkable de- Dogr: Min. | Year Mon. Day, | meter 
grees. | 
Boiling water. | 140 
The Pruge/ water 3 | 
in the bathing- 5 5 od 
tub at the Caroline | | | —— 
A= new ;Wpring: | | | 
The Mublen bath. | — — 1 — — 871 


| 
Senegal at the | | þ 
mouth of the 
Niger,on the weſt- 


ern coaſt of ¶ rica. j 16 0 I 1738 DE 1 860 
Aleppo in Syria. | 3 N. 1730 Sept. 8 | 93 


Pondichery on the „ 5 3 Þ 
cdaſt of Coroman- : 5 
del, E. Indies. | 11 30 N 7 Ju. 7 952 
Heat, with which! | | : 
chickens are 5 1 5 
hatched. — — | 967 
Leiffich, 51 22 N. {| 1748 | Faly 13 | 993 
urin. 44 5b N. | 1739 June 24 5 100 
Caroline bath. 50 10 N. 1751 Fahy 27 | 101f 
Paris. 48 50 N. 1736 TFuly 30 | 100g 
St. Domingo in 1 8 
Hiſpaniola. tis oe Ne 1735 — | 1005 
Utrecht. [52 12 N. 1739 Fuly 30 | 1025 
Peterſburg 1 in | | ' 5 | | 
Inger manland. 60 o N. | 1738 June 14 | 103 
N 2 Greateſt 
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_ Greateſt Degree of Hz ar. 


vation, alſo ſome | the place. | vation. N. Stile. of the 


remarkable de- | Degr. Min. Year. Mon. Day. thermo- 


Place of obſer. Latitude of Time of obſer 1 
meter. 
grees. — 


The iſle de Bour- 
bon on the eaſtern 
coaſt of Madaga/- . : 

car.” 1 22 o South | 1734 Jan. 24 | 1033 
Sylanche on the | Le | 
coaſt of Peru in | 
America. | o 


O 


1736 May 16 1031 


the eaſt coaſt of | | : 5 

Madagaſcar. 16 6 $ 1733 . 15 | 105 

Algiers in Aſrica. j 36 495% N. 1736 Tuly 28 | 105 
33 


Berlin, 52 % ͤß 7ĩẽ1—)— 77 | os 
r OE ens BH 
coaſt of Peru. LD 1736 Mar. 21 | 106 
Under the zqua- | | 8 | „ 
tor in a ſhip at py | 380 
Sea. 3 0 1732 Feb. 20 1063 
Under the æqua- 8 mf 
tor in a ſhip at | | 
ſes.” : 8 8 1735 Moy 24 | 110 
Puerto 40 on the "— 1 
coaſt of Peru. 95 1736 Mar. 301105 
Nerczinſe in Sibe- | | : 
ria, on the Chingſe | 
borders, 51 56 N. Fuly 11 


Upſal in Sabeden. 59 515 N. | 1739 Fuly 1211945 
Quito in Pera. 0 13 8. 1736 June 1205 

Common and . 5 
mild ſummer | 


The 


10. 


Wy me 
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The leaſt Degree of Heat, or the greateſt Degree 


of Cold. 

Place of obſer- |] Latitude of | Time of obſer- ] Degree 

vation, alſo ſome | the place. | vation. of the 

remarkable de- Degr. Min. | Year. Mon. Day.] tbermo- 
© | meter. 

. grees. 

The iſle 4e Bour- | | | ö F. | 

bon on the eaſtern | 

coaſt of Madaga/- | | 

car. | 22 608 | 1734 . 22 | 1167 

Pondicherry. 11 39 N. 1737 Now. 26 1205 

Senegal. n N. 1738 April 151263 

Gualea on the| © | - 

coaſt of Peru. | o 0: | 1930 Fame 2 12 

Cadiz in Spain. | 36 33 N. | 1737 Fan. 8| 131% 

Algiers. 36 493 N. | 1736 Fan. 9 1313 


Temperate in the | | 
deep cave of the 
obſervatory : at 


Paris, | „ 
Jeruſalem. 31 50 N. | 1736 Mar. 30| 136% 
- Innes 0 . 13-9. 1736 June 136% 
Freezing water. | 150 
Diarbeker on the 


Tiger, on the bor- | | | 
ders of Perſia. | 37 30 N. | 1736 Now. 20 |; 50 
Padua in ay. | 

On the mountain ; 
Pichincha near | | 


Quito in Peru. 1 17356 — 1562 
Bagaat in Afyria. j, 33 15 N. | 1737 Fan. 31 | 156% 
Bourdeaux. 44 50; N. 1740 Feb. 4 1605 
London. „„ 1740 Jan., 5 | 166% 
EA 48 o N. 1% ; Feb. 25 | 169% 
Paris. 88 1754 Feb. 71697 
Paris. — — 11709 — 1755 
Lipfick. 51 22 N. 1748 Mar. 7] 176: 
Mount Cenis un- | 1 


der the Alps, on | 
the road from 
Turin to France, | — 


1 82 


on the Lena in 57 47 N. $1737 Dec. 8| 270 


Siberia, | 
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The, leaſt Degree of Heat, or the greateſt Degree 


of Cold. 


Place of obſer- Latitnde of | Time of obſer- | Degree 
vation, alſo ſome | the place. vation. 2 The 
—— de- | Degr. Min. | Year Mon. Day. e 


To I en 15 —— ; _— _ 


adjuſting Fahren- 

heit's thermome- | | 

ter. „„ 1799 — | 176% 
Leden. 52 17 N. 1740 Jas: 11 1772 
Berlin. 52 33 N. i Fab. 7 | 1832 
Wittenberg. 51 48 N. 1740 Jan. 11185 
Dantzick. 54 22 N. 11740 Jan. 11 187 | 
Ueſal in Sweden. | 59 51% N. 1740 Feb. 5 192 
Peterſourg. 60 o N, 1740 Feb. 5 201 
Caſan. 155 44 N. [| 1733 01 
Nerczinſt in F ᷑ P»HP | 
Siberia. {51 56 N. 1736 Jar. 20 206 


Irkutſk in Siberia. | 52 17 N. ] 17359 — 207 
Fahrenbeit's arti- 1 | 
ficial cold from | | 
mixing ſpirit of T; 
nitre and ſtamped 8 | | 
ice. Vid. Boer- | | 
Paw. Chym. T1; | 


P-147. Edit. Leipy. — — | 210 
Jornta in Lap- . | 
land. | 65 51 N. [1737 — % 
Kiachta in Siberia | 

on the Chineſe „„ | | 
borders. 8 50 20 N. 1736 — (225 


On the Nipbean ; | 9 
mountains be- 
tween Werchatu- | 
ria and Solikamſe | 5 1 

in Rufſia. — 591 N. 1943 Dec. 1 e38-- 
Kirinſtoi-Oſirog | 


| 1738 Fan. 20 | 275 


* 
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of FLUID BODIES. 
In order with accuracy to know the * 
of heat and cold in different countries, and ſea- 


ſons of the year, it is neceſſary that the obſervers 


ſo place their thermometers in the free air to 
the north, that the ſun at no time ſhall ſtrike 
thereon. And in order to give an account of 
obſervations, it is alſo neceſſary to remark, whe- 
ther adjoining walls reflect the ſun's rays or no; 
and whether the thermometer Rand } in the firſt, 
ſecond or third ſtory. 


§. 127. To what degree ſolid bodies, in par- 
ticular metals, may expand by fire, the pyro- 
meter ſhews, an invention of Muſchenbroeck's, 


deſcribed in his commentary on the Tentamina 


Florentina, P. II. p. 112. ſeq. with the many 
experiments made with this fire-gage. This 
pyrometer he has ſo ordered, that an octagonal 


rod of metal, in form of a parallelopepid, in 
extending, which is cauſed by a lamp- fire burn- 


ing under it, at the ſame time moves an index 
on a ſheeve or circle, which is divided into 


360 degrees, one degree forwards, when the 


extended length of the metal is to a Rhinland 
inch only as 1 to 12500. The degrees on the 


circle are ſo large, that they may be plainly _ 
diſtinguiſhed, when the index advances only + 


degree, and conſequently the rod is lengthened 
about +5355 5 of an inch. For, a whole 
degree denoting 755555 2 half denotes EFTTT» 

"> S0 
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So that this pyrometer may be uſed for a ther- 
mometer. The experiments were made with ſix 
rods. Each in length 5 4% inches, and on both 


Tides in thickneſs e inch. One was of iron, 


the ſecond of ſteel, the third of copper, the 
fourth of braſs, the fifth of tin, and the ſixth of 
lead. Iron was the leaſt lengthened, ſteel more, 
and lead moſt of all; and you may have either 
one or more lamps burning under the rods. 

M. Muſchenbroeck, intending to examine, whe- 
ther the degree of the heat in boiling water had 
its fixed limits, for that end encompaſſed the tin 
rod with a tin box, and poured into it boiling 


Vater at the time the air, in which the pyrome- 
ter ſtood, was fo cold, that the fluid in Fabren- 


hcit's thermometer ſtood at 32 degrees. He 


kept the water conſtantly boiling by the fire of 


the underſet lamps. The tin rod at length was 
extended 102 degrees, each of which is 2 
of an inch. But farther the length extended 
not, tho' the boiling was continued a long time 
by the fire. The entire rod was 44 of an inch 
in length. And being now lengthened +335 
particles of an inch, it was encreaſed in its whole 


1032 5 8 


length ++. For +5555 is to 55, as 1 to 9 8 


If this rod of tin or lead were 7100 lines, or 39 f g 
feet long, and came out of the cold of freezing 


water into a degree of heat, equal to that of - 
boiling water, it would be lengthened about a 
3 whole 
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whole inch. For, if the rod of 58 lines long 
is lengthened to 102 degrees; a rod of the ſame 
thickneſs, in length 7100 lines, is lengthened 
12486 degrees. The laſt number differs from 
12500, and the parts of a whole inch, only 
about 14. Conſequently, the degrees 12486 
ſhew, that the intire length of the rod is in- 
creaſed: nearly about an inch. If this rod lay 
in a heat of ſun, equal to the third part of the 
heat of the boiling water, its length therein 
would increaſe about +4 of an inch, 


Wee , ESE, 2 2 V 


CH AP. 0. 
Of Exciting Fire. 


§. 128. A MON G all the known matters of 
the earth there is none in which fire 
is not contained. This included fire may be brought 
into motion, as well with, as without fire, by 
rubbing; whereby it comes to diſcover itſelf to 
our ſenſes. Bodies mutually rub, ſo in their mo- 
tion, they touch and withſtand each other, $. 25. 
Which is a thing quite manifeſt in the parts of 
ſome bodies. But in others, the parts which 
mutually rub, and thereby excite their fire, are - 
ſo 


186 


F FLUID BODEFEcS. 
ſo ſmall, as neither they nor their rubbing, can be 
diſtinſtuiſned by the eye. By the manifeſt rub- 


bing, as well between two firm or ſolid bodies; 


as two pieces of wood, two metals, wood and 
metal; as between a ſolid and a fluid; as the air, 
and a ball ſhot thro? it, fire may be excited. A 


like effect may alſo ariſe by the concealed rubbing, 
that happens partly between two fluids, as water 


and ſpirit of nitre, vitriol and ſpirit of wine; 
partly between a fluid and a ſolid; as lime and 


water, pyrophorus and air, iron and aqua-fortis. 


Select examples of fire ariſing by both kinds of 
rubbing, you find in Profeſſor Ws. 8 * veoretical | 


Phyſics, F. 340, 345- 


$. 129. If the parts of a body are fo finely 
reſolved by the fire, as in the manner of a fluid 
matter, to move and mount up with a ſhining 
appearance; theſe parts we call fame; and what 
in a body turns to flame, the phlogiſton. But if 
theſe viſible and aſcending parts ſhine not'in their 
ſeparation ; they are called ſmoke. If the parts 
of the ſurface of a fiery or ignited body ſhines, 
but ſeparate not in the manner of flame ; they 
are called glowing. Thoſe matters, which by 
the fire reſolve into a flame, are called combuſti- 
ble; and by the ſeparating of the flame, come 


gradually to be conſumed. In order to main- 
tain or continue ſuch a fire, which as well con- 


ſumes its body, as it is itſelf diſſipated ; you are 


to 
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to add a combuſtible matter, which in like man- 


ner reſolves by the fire, and occupies the place 
of the particles of fire gone off. Such a matter 
is called the fuel of the fire. If the fire turns a 

ſolid body to a fluid; this action of the fire is 
called melting. If after the reſolution, produced 
by the fire in a body, nothing but ſmall fixed 


particles remain behind, which have a ſmall, 


and almoſt unobſervable connection among each 
other, theſe we call aſbes: And the action of the 
fire, by which they ariſe, calcination, or incineration. 


As the parts of flame have a tendency to re- 
move from the unreſolved parts; ſo the flame ' 


cannot ſubſiſt, unleſs the air by its gravity and 


ſpring act againſt the burning body. Hence 


flame dies or is extinguiſhed, on withdrawing 
from it the ambient air. Alſo the air muſt have 
a free draught, for flame to laſt. The upper 
parts thereof are finer than the under, and thus 
may be more compreſſed than theſe ; fo that by 


the preſſure of the air, the flame muſt become 
flender and pointed. The outmoſt parts on a 


glowing ſurface have in like manner a tendency 
to expand themſelves. If this tendency finds no 
ſufficient - reſiſtance, the glow vaniſhes, And 
therefore glowing. bodies ſooner ceaſe to glow in 
vacuo, than in air. Farther, from this we may 
explain, why neither by ſnapping the lock of a 


gunz nor by the rays condenſed by a burning 


claſs, 
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glaſs, can gun- powder be fired in vacuo, ſo as 
to flame or flaſh. On ſnapping the lock, the 
particles of fire contained in the flint and ſteel, 
are indeed, brought into motion: But they alſo 
inſtantly die, as no air preſſes againſt them. 
And therefore having reached the gun- powder, 
their force is either too weak, or quite un- 
effectual. At times, indeed, a faint light ap- 
pears; but this is owing to the air ſtill remaining, 


having had ſome effect. If the focus of a burn- 


ing-glaſs falls on the gun-powder; the grains 
melt, and ſend forth ſmoke but no flame; which 


therefore cannot ariſe, as the air does not fo 


compreſs the fine particles from which flame 


otherwiſe ariſes, quit? round, as to be able to 
form a fluid maſs. Smoke there muſt be; as 
in gun-powder partly air, partly other matters 
are contained, whoſe reſolution and admixture, 


interrupt the motion of light. 


F. 130. From an incombuſtible body certain 
particles, that belong either to its conſtant, or 
to its variable matter, may be ſeparated by heat- 
ing. In the firſt caſe ariſes evaporation; in the 


laſt, exhalation. Both theſe changes often hap- 
pen together. In both, certain particles of fire 


are at the ſame time expelled the body. But if 
it loſes, as for inſtance, a metal heated by rub- 


bing, none of its particles; it cannot certainly be 


_ affirmed, 
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affirmed, that it fills an adjoining; body with its 
igneous particles upon heating it. 

§. 131. The igneous particles of a hot hk | 
are always in a certain degree of motion, with 
which they act on a cold matter, which they 
are in contact with. The igneous particles of the 
adjoining cold matter re-a&t. And hereby the 
cold matter gains, and the hot body loſes a 
certain degree of heat. And hence the heat of 
a body, in contact with a matter, whoſe heat 
is leſs, gradually diminiſhes, till it and this mat- 
ter have an equal degree of heat and cold. 

F. 132. The greater therefore the number. 
of the acting igneous particles of a body, the 


greater heat it can communicate. And the greater 


the number of the reſiſting or counteracting par- 
ticles of the cold body, the greater the diminu- 
tion of the heat in the hot body. And therefore 
in the decreaſe and increaſe of the degrees of 
heat, we are to conſider the denſity, magnitude, 
and figure of the hot and cold bodies. Expe- 
rience therefore eſtabliſhes the following propo- 
ſitions, 1. The denſer the cold matter, in contact 
with a hot body, the ſooner it loſes its heat. 
And ſo the fluid falls deeper in the thermometer, 
when ſet in ſnow, mixed with ſal armoniac, than 
when ſtanding in ſnow only. ' 2. If two equal- 
ly denſe, and equally heavy bodies A and B, 
are in contact with equally cold matters of the 

, ſame 


% 
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ſame ſpecies; and A has a greater, and B a leſs 
external ſurface, A turns cold ſooner than B. 
And ſo a meaſure of boiling water, when 
poured out into a wide and cold veſſel; turns 
ſooner cold, than when put into a narrower and 
equally cold veſſel. 3. A ball A remains there- 


fore longer hot, than a body B of another figure, 


when A and B conſiſt of the fame matter, and 
are of equal weight. For, of all ſurfaces, that 
of a ball or ſphere is the leaſt ; the matter they 
contain being of a like ſpecies and a like weight. 
4. If two bodies unequally big, but of the 
ſame figure, and conſiſting of the ſame matter, 
and encompaſſed by the ſame and equally cold 


matters, have an equal degree of heat; the 
greater continues longer warm than the ſmaller. 
For, the loſs of their heat is to be eſtimated by 


the ratio of their external ſurfaces; and the quan- 
tity of their heat by the ratio of their maſſes or 


ſolidities. Heat two lead balls A and B equally 


intenſe. And ſuppoſe the diameter of A to 
that of B to be, as 1 to 2. And thus the 
ſurface of A is to the ſurface of B, as the ſquare 
x to the ſquare 4; and the maſs or ſolidity of 
A to the ſolidity of B, as the cube 1 to the cube 
8. The ball B has eight times as much heat as A. 
If therefore the ball A turns cold in one hour; 
B loſes its degree of heat in two hours. For, 
the greater loſes indeed, four times as much heat 

1 as 


Of FLUID RBO DIE S. 191 
as the leſs; but it has alſo eight times as muck 
heat. And thus the times of cooling in equally 
hot balls of the ſame matter are to each other, 
as their diameters. 

§. 133. If two bodies A and B, fle 
is ſuſceptible of more heat than B, are ſo expoſed 
to an actual fire, that B is nigher thereto, but 
in contact with A; the fire acts ſtronger on A 
than on B. And ſo a ball of lead, wrapt up in 
paper, melts over a flame. A lighted ſmall 
perfume-candle burns not fully, when ſtanding 
on ſtone or metal. 


CHAP. IV. 


Whether Fire 0 a peculiar Matter. 


8. 134. EF ORE the fire, come in 
| combuſtible bodies, is put into 
motion, as thereby to kindle them; it appears 
to be no fluid matter. But if in motion in the 
combuſtible bodies, as that thereby they burn: 
We can obſerve either nothing at all, or very 
little of other matters, diſtinguiſhable from it. 
Suppoſe for inſtance, you let a lighted ſpirit of | 
wine burn on; one part after another turns to 
3 | | — flame, 
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flame, ſo that at laſt not the leaſt trace of ir 
can be obſerved on the bottom of the veſſel. 


A lighted piece of wood burns ſo, as to leave 
behind only a few aſhes. And hence ſome phi- 


loſophers came to be of the opinion, that fire 


was no peculiar matter, diſtinguiſhable from the 
other matters of a combuſtible body. They 


held, each combuſtible body would turn to fire, 


on its parts being finely enough reſolved, and 


put into a quick inteſtine motion. But in op- 


poſition to this opinion, what follows is to be 
conſidered. The flame of a combuſtible body 
may conſiſt of different matters, which together 
are reſolved into ſo ſmall parts, that there is no 
diſtinguiſhing them from each other. One 

among theſe matters may be of ſuch a nature, 


as beſt and eaſieſt of all to admit of motion and 


reſolution, either on rubbing the body, or let- 


ting a combuſtible body act upon it. This mat- 


ter, by its motion, may reſolve the other mat- 
ters of the body in the ſineſt or ſubtleſt manner, 
and remain mixed with the infinitely ſmall re- 
ſolved parts. And this matter ſhould thus be 
conſidered as the proper and pure fire of a body. 


Deny this matter we cannot; and conſequent- 


ly hitherto no proof has been adduced to ſbew, 

that fire is no peculiar matter. 
From air and water, fire indiſputably differs, 
For, air withſtands flame, and preſſes the fire 
| a againſt 
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againſt the burning body; and water extinguiſnes 
the fire of burning and glowing bodies. And 
conſequently in the fluid matters, that take fire, 
and are mixed with water, ſomething is con- 
tained, that is to be diſtinguiſhed from fire. 
The experiments of the younger- Geoffrey have 
ſhewn, that in a pure, good ſpirit of wine, above 
half its weight is water, If fixed matters are 
burnt, there remains at laſt an aſh, that burns 
not; which is a manifeſt indication that in ſuch 
combuſtible bodies there is ſomething, which is 
not fire. In order to maintain that fire in each 
body is one of its proper peculiar matters; it 
remains to explain how from one and the ſame 


matter ſuch innumerable ſpecies of fixed and 
fluid bodies can ariſe, 


„ 


Of Water. 
CHAP. I. 
Of the Phznomena of Water, 
$. 135. XAT ATER exhibits itſelf to out 


| eyes a fluid and tranſparent mat- 
ter, adapted to extinguiſh flame. Ir is called pure, 
; Vor. J. | O | when 
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when without either ſmell, taſte or colour, Vet 
it is never quite free from earthy parts, as al- 
ways leaving behind, never ſo often diſtilled, 


ſome earth. And beſides thoſe earthy matters, 


it is mixed up with air and fire. 

145 The air, concealed i in water, comes to be 
diſcovered on removing, by means of the air- 
pump, the air, incumbent on water in a veſſel. 
For, we obſerve a number of bubbles ariſing 
out of the water. If the water is hot, they come 
forth larger and in greater quantity. Theſe are 
hollow: ſpherules of air, as is evident from ano- 


ther experiment. You may convey ſome air by 


means of a tube to the bottom of a veſſel, filled 
with water, out of which a ſingle bubble more 
refuſed to riſe under the bell of the air-pump. 


So ſoon as this little air comes out of the tube 


under the water, it mounts upwatds thro' the 
water in the form of ſuch bubbles, as ariſe out 
of that water, with which the firſt experiment 
was made under the bell of the air- pump. 
From this the following properties of the air, 
included in water appear. 1, It has a tendency 
to eſcape out of the water. 2. This tendency 
is ſtronger than the weight of the water and the 
coheſion of its parts. 3. It is elaſtick, $. 51. 
4. Its ſpring is heightened by heat. 85. Its 
Ipriug is equal to the preſſure of the ex- 
ternal air. 6. Wire this preſſure, no air 


\ 


could 
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could remain included in water. 7. As each 
ſpherule of air in water, by its ſpring conſtantly 
labours to force out of it; ſo each acts on every 
ſide on the contiguous particles of water, and 


excites them without intermiſſion to retact. 


If air ſtands on water, which has been diſ- 


charged of it, it gradually inſinuates into it 


again. If you fill a glaſs ſphere with water, 
diſcharged of air, and leave an air bubble upon 
it, it gradually loſes itſelf, and all of it is at 


laſt ſwallowed up by the water, If you 


give the air, over the water, a continued preſ- 
ſure, it infinuates not fo readily but much 
ſooner communicates itſelf to the water, on 


ſwinging the ſphere round, in which ſome air 


ſtands over the water. From this we may draw 
the following concluſions. 1. As air in its na- 
tural ſtate preſſes much ſtronger on the earth's 
ſurface, than the coheſion of the particles of 
water reſiſts; ſo the ſpherules of air, of which 
a maſs incumbent on the water conſiſts, muſt be 
greater than the inteſtices in the water. 2. But 
yet as air is more porous than water; this laſt in- 


ſinuates into the interſtices of the incumbent and 


preſſing air. And thus water and air come mu- 
tually to mix. 3. As water is heavier than air, 
by the circular motion it acquires a greater cen- 


trifugal force than air. F. 97. By this ſtronger | 


force, with which alſo the water is driven againſt 
O 2 | thoſe 
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thoſe ſides of the ſphere, i in which 15 the particle 
of air, this laſt will be thus forced thro? it with 


greater celerity. 


2. The fire in water by its motion, gives water 


fluidity. For, if the heat be fo diminiſhed, that 
the quick-filver in Deliſi's thermometer ſub- | 


ſides under 150, the water turns to ice. Above 


it was ſhewn, that the heat of boiling water ex- 


tends no further than till the quickſilver in De- 
life's thermometer riſes from the freezing point 
150 degrees only, $. 123. And M. Muſchen- 


broeck has found by means of his pyrometer, . 


that the heat of boiling water admits not being 
heightened to the pitch, that tin ſhould melt 
therein, FG. 127. But this is to be underſtood 
only of boiling water in open veſſels, from which 
the boiling water freely evaporates. But if- in- 
cluded in a cloſe veſſel, ſuch as Papin's digeſter, 
fo that the ſteam no where eſcapes: It may be 
made ſo hot, as to ſoften bones and ivory, and 
reſolve and melt pieces of tin and lead, when 


| hanging at a metal wire in the middle of the 


water. | 1 . 
F. 136. By the force of hs water reſolves into 


vapour or ſteam, or diſſipates into parts, ſo fine 


that by virtue of the force of coheſion, F. 52 ſeq. 
they eome, bulk for bulk, to weigh equal with 
particles of air. By the motion of fire, which 


never fully quits the ſteam ; they are forced into 
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the air from one degree of height to another, 
and ſuſtained therein by the force of coheſion. 
1. If into a darkned room you admit a ray ef 
the ſun, to paſs thro' aſcending ſteams, and 
view it thro' a magnifying glaſs, it appears 
like globules floating in the air. As air can ne- 
ver be fully pumped out of a veſſel; ſo in vacuo 
ſteam riſes out of the water, under the bell of 
the air- pump. How ſmall the particles of a ſteam 
continuing ſtill viſible, may be, appears from 
the experiments with æolipilæ, or wind and 
ſteam balls, deſcribed in Wolfus's Experiments, 
P. I. c. 7. Boyle, in his treatiſe de mira Subtili- 
tate efluviorum relates, he had put into a ſfteam- _ 
ball an ounce of water, and reſolved it by the 
heat of glowing coals to ſteam, and he found that 
it continued its motion above a quarter of an 
hour in form of a cone, 20 inches long, and an 
inch broad in baſe. The velocity of this ſteam 
is ſo great, that a portion of it traverſes a length 
of 20 inches in a ſecond. A quarter of an hour 
conſiſts of goo ſeconds. And thus the ounce 
of water was turned to 900 cones of the ſaid 
' ſize. This ſteam continues ſtill viſible. A drop 
of water in a glaſs ſphere, whoſe capacity might 
hold 14000 ſuch drops, is by the heat of the 
fire ſpread all over this ſpace in inviſible ſteam, 
The ſphere has a narrow neck, like the tube of a 
thermometer. If the neck, after heating, is dipt 


O 3 in 
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in quickſilver; this laſt riſes in the ſphere, when 
the ſteam turns cold, and again condenſes. As 


the quickſilver riſes thro' the neck into the 
ſphere, and fills it up; this is a ſign, that the 
ſteam, ariſen from the drop of water, has occu- 
pied the whole ſpace of the ſphere, and expelled 


the air out of it. For, ſo long as the ſphere is 
filled with air, no mercurcy riſes therein. The 
elaſtick force of the internal air is ſo ſtrong, 
as the preſſure of the external. A proof, that 
the parts of water muſt be uncommonly ſmall, the 
Florentine experiments afford, in which water was 
preſſed thro* metals, thro' which no air poſſibly 
can. Theſe experiments are deſcribed in the entam 
Florentina. P. II. and p. 58—68 illuſtrated by 
Muſchenbroeck, with conſiderable additions. 

2. Hot water-ſteam is elaſtick; the greater its 
heat, the ſtronger its tendency to expand. 


How ſtrong ſoever the action of gun- 


powder, when fired, yet the action of ſteam, 
raiſed from an equal quantity of water by a 
violent fire, is far ſtronger. Profeſſor Muſchen- 
broeck, in his Eſſai de Phy/ique, 9. 872, deſcribes 
a machine, whereby the elaſticity of heated wa- 
ter-ſteam may be explored. Steam into which 
he had reſolved 12 grains of water, ruſhed out 
of the machine with fo great a violence, as to 
have forced up three pounds of water go feet 
high, Whereas 13 grains of gun-powder in a 

: ſmall 
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ſmall mortar-piece. could force to this height a 


199. 


ball of lead only 4 ounces and 2 Irons 8 


weight. 8 
8. 137. Water, by cold turned to ice, or to 


a firm body, occupies a larger ſpace. For, 


veſſels full of water, are not only expanded by 
it in freezing, but alſo burſt. A remarkable in- 


ſtance to this purpoſe we have in the caſe of ar- 
tificial cold, or the mixture of ſalt and ſnow, or 


ſtamped ice; as in the Tentamina Florentina, 


P. I. p. 127 — 164, a braſs ſphere, which ac- 
cording to Muſchenbroeck*s calculation was ſo firm 


and ſtout, as that a weight of 27, 720 Ib. would 


be neceſſary to tare the metal aſunder, was crackt 
in ſeveral places by the force of the i ice produced 
in it. 

r. The ſpace, into which water turned to ice, 


expands, is ſo large, that bulk for bulk, the 
weight of ice is leſs than that of the fluid water. 


Hence a piece of ice floats in water, $. 74. The 
Florentine academiſts attempted to calculate the 
increaſed bulk of frozen water in a two-fold man- 

er. The experiments are related p. 139 and 
141. I. c. Firſt, they compared a cylinder of 


water with the cylinder of ice, produced from it, 


and found, that the bulk of the firſt was 


to that of the ſecond, as 8 to 9. Then they 
took a certain weight of water and let it 
freeze; after which they filled che ſpace of this 
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ice with water, and again weighed it. And the 
weight of the firſt was to that of the ſecond, as 
25 to 28 79 Now 8 is to 9, as 25 to 284, So 
that the ratio of 8 to 9, differs but little from 
the ratio of 25 to 287. TT 

2. Ice evaporates. You need only expoſe to 


the air, ſome pointed and ſharp pieces, and you 


will ſoon obſerve the points and ſharp angles 
blunted. If you lay a piece of ice on a ballance, 


you ſoon find, how in a continued degree of 


cold it loſes in weight. The more violent the 

cold, the ſtronger the evaporation of the ice. 
Of this, M. Mairan in his Diſſertation on ice, 
P. II. Sect. 3. c. 10. gives a remarkable ex- 
perience. In the year 1716, in which for ſome 


days the cold was as great as that of the ſevere 


winter, 1709; he at times found, that ice, which 
had lain in the air and northerly wind, had loſt 
in 24 hours above a fifth in weight. 

3. But tho' ice diminiſhes by evaporation, 
yet its bulk increaſes with the continuance of the 
cold. Hungens in 1667 hung an iron tube, an 
inch thick, filled with water and well ſecured, 
in the cold air. In 12 hours it was crack'd in 
two places. Suppoſe the cold had had to pene- 


trate an inch of iron and water; it is certain 
the water would turn to ice in two hours. Yet 


the tube burſt not till after 12 hours. From 
this it , that — ice, by increaſing the 
. cold 


of FLUID BODIES. 


cold from time to time was more and more 
expanded. On letting water freeze in wide veſ- 

ſels, which can abide a part of the force of the 
ice, the ſurface of the ice will be a little bent 
and raiſed. M. Mairan relates c. 2. 1, c. that in 
theſe circumſtances he tapped below the veſſel 


with ice, and let the water ſtill remaining run 


off; but found almoſt every time that the bent 


ſurface of the ice was ſtill more raiſed. Hence 


ice on large water-places comes to have in a 
violent degree of cold, long W which cauſe 
a great crack. | 

4. Alſo water purged from air, expands in 
freezing, as the ice ariſing from it, in like man- 
ner floats in water. M. Muſchenbroeck found this 


by an experiment made with all imaginable care, 


which he deſcribes I. c. of the Experimenta Flo- 
rentina, p. 143, 144, 145. 5 

5. As water takes up more room, when turned 
to ice, ſo iron ſmelted and turned hard expands 
to a larger ſpace. M. Reaumur diſcovered this 
by been experiments, deſcribed in the me- 
moires of the academy of ſciences for the year 
1726. At one time he ſmelted iron in ſmall 
cylindrical crucibles, till quite full of it. At 
another, in larger crucibles, and poured it out 
into ſmaller ones, filling them brim full, and 
with a knife removed the iron at the rim, in the 
manner of ſtriking corn with a ſtrikle. Then 
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the iron turned gradually cold. But at its full 
pitch of hardneſs it was every time forced up 
over the rims of the crucibles, and like frozen 
water had an eminence in the middle. Whereas 
gold and filver ſmelted to bars are always de- 
preſſed a-top. From the expanſion of iron in 
cooling it comes, that the crucibles, in which it 
hardens, burſt equally as the pots, in which water 
has froze, tho' you leave the crucibles to cool 
amidſt live coals. Moſt moulds conſiſt of two 
pieces, which the founders ſet in a preſs. Now 
M. Reaumur has often ſeen, that it was with 
much labour they could turn the preſs ſcrews, 
when they had caſt iron, in large pieces eſpeci- 
ally. And hence ſmelted iron moulds better 
than the other metals. For, as it expands, it 
ſeeks the ſmalleſt empty places, and takes the 
impreſſion of the ſmalleſt part of the mould. 


| Letting iron become as fluid as poſſible, and | 


then purging its ſurface of every impurity, and 
throwing in a piece of hard iron; this laſt will 
float and ſtand out of it ſome way, If puſhed 
to the bottom, it again emerges on letting it go. 


If a piece of hard iron is laid on the bottom of 
the ſmelting crucible, and ſmelted iron poured 


thereon, the hard riſes up. And thus hard iron 
is lighter, and conſequently more expanded than 


ſmelted iron. This has been found to hold in 
biſmuth and cm 


6, 
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6. Water only takes up more room, when 
juſt on the point of freezing, and when actually 
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froze; and hence becomes lighter than an equal 


portion of mod-rately;cold water. Before, when 
in the ſtate of perfect fluidity, it takes up a nar- 
rower ſpace, than when colder. For, if a nar- 
- row flask with a long neck be filled to its mid- 


dle with water; and the flask then expoſed to a 


greater degree of cold, you obſerve the water at 
firſt to fall ſome lines deep in the neck. But ſo 
ſoon as it is to turn to ice, it begins to riſe. 


The volume which it has in this degree of cold, 


will be encreaſed about 2 up to the heat of 
boiling; and conſequently decreaſed by ſo much, 
when brought from this degree of heat to that 
of the cold, by which it may turn to ice. The 
experiment for the purpoſe the abbè Nollet de- 
ſcribes in his T. IV. Leg. XII. S. 1. Experiment 


II. You take a diſtilling-glaſs with a neck 15 
inches in length, and 12 or 14 lines in diameter 


internally. You pitch upon a water-meaſure 
for the purpoſe, and pour it 25 times into the 
_ glaſs, and mark with a thread the place, of the 


neck, at which the filled water of theſe 25 mea- 


ſures ſtands. Then you till pour in 1, 2 and 3 
meaſures more, marking at each meaſure, where 
the water ſtands. After this you take out theſe 
laſt meaſures again, that only 25 meaſures re- 


main in the glaſs. The veſſel ſtands in ſnow or 


ſtamped 
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veſſel by it in this ſnow or ice. The diſtilling . 


cucurbit or body is placed in ſand, which may 


be heated by glowing coals. In the water of the 


body a thermometer is hung, on which the de- 


gree of the heat of boiling water is marked. If 
now the ſand is heated, the water riſes up in the 


neck of the body: And coming at length to 
boil, and its heat to be ſo great, as is poſſible 


in a water that evaporates freely; you find the 
water riſe up to the mark 26, at which before 
the cold water ſtood, after putting 26 meaſures 
into the body. You heighten the fire. But 
neither the water in the neck of the body, nor 


the fluid matter in the thermometer riſes any 


higher. 


CHAT. It 
Of the Nature of WATER. 


$. 138. HE leaſt parts of water hw a pe- 
culiar degree of firmneſs and hard- 


* neſs, which may be perceived partly from the 
hardneſs of ice, partly from the re- action, with 


which water reſiſts the violence of firm bodies. 
A board ones: © on water, may be juſt as eaſily 
cut, 
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cut, as when lying on a hard block. If a leaden 
bullet is ſnot obliquely on a ſurface of water; it 
will be flatted. As M. Carree found by repeated 
trials, as related in the memoires of the Academy 
of Sciences for the year 1705. If the angle un 
der which the bullet is ſhot into the water, is 
only of a few degrees, the bullet ſprings on the 
other ſide out of the water again. For, the 


more oblique the ball goes into the water, the 


more parts of water reſiſt it. If a ſmall, flat and 


ſmooth ſtone be thrown very oblique on a ſur- 


face of water, it ſprings ſucceſſively out of and 
into the water, and in this manner continues its 
way in and above the water. M. Kruger in his 
Natural Philoſophy, §. 81. relates, he had found, 
that a ball which he had ſhot out of a rifled 
barrel againſt a broad lake, had ſprung up three 
times ſucceſſively. In like manner in ſea-fights 
many cannon balls are reflected from the water. 
F. 139. The fixed and hard parts of water 
would therefore, like the parts of metals, con- 
ſtantly form a hard and firm body, were they 
not ſeparated aſunder by fire. The fire between 
them is the fluid matter, in which they float. 
Now the query. is, how it happens, that on the 
receſs, of the fire, when they conſtitute a firm 
body, they expand into a greater ſpace. 

1. We are not to look for the cauſe in the 


expanſive force of the air. For, even water void 
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of air, takes up a greater n when froze, 5. 
137. n. 4. 5 | 
2. As in the cold winter of 1740, I read gab 
lick lectures on the degrees and cauſes of cold; 
I fell on the thought, that the particles of water 
which are commonly held to be round, were in 
the freezing poſſibly divided; whence either 
ſmaller globules or angular corpuſcles aroſe. In 
both caſes, the matter before fluid, would now 
occupy a larger ſpace. A leaden bullet of half 


an ounce is an inſtance, which may be turned 


either to ſmall globules or angular parts. This 
opinion I afterwards propounded in 1742 in my 
Inſtitutiones Philrſophie Univerſe, P. I. F. 1350, 


1231. For ſuch a change to happen, a force 


muſt lie either in the particles of water, whereby 
they are divided; or in the cold, a certain mat- 
ter muſt force into the water, which produced 


| ſuch a change. Such a matter profeſſor Mu/- 


chenbroeck in his Jaſtitutiones Phyſice, §. 948, ſeq- 
ſuppoſes: But he affirms not, that this matter 
cauſes ſuch a change in the conſtituent particles 
of water; maintaining only thus much, that it 
ſeparated the particles of water aſunder, and 
produced as it were, a degree of fermentation 
among them. Among the grounds or reaſons, 
that ſeem to eſtabliſh the reality of ſuch a mat- 
ter, that effect is obſervable, which is produced 


by ſpirit of nitre in ice. If poured into water, 


whole 


Of FLUID BODIES. 


whoſe heat in Fahrenheit's thermometer ſhews 
33 degrees; the heat of the water is heightened 


in ſuch a manner, as that the ſpirit of wine or 
quickſilver in the thermometer riſes up to 41. 
But ſpirit. of nitre poured on grated ice, there 
ariſes an extraordinary degree of cold therein. 
Are we not therefore to ſuppoſe ſomething in ice, 
Muſchenbroeck demands, F. 956, differing from 


water, and admitting the being expanded and 


heightened by the ſpirit of nitre? But poflibly 
the conſtituent parts of water may be of ſuch a 
nature, as to unite into hollow and elaſtic glo- 
bules, when in mutual contact. A ſimilar dil. 
poſition appears in air; ſo long as its minute 
parts lie concealed in water, their elaſticity is 
unobſervable. But ſuffered to rife out of the 


interſtices of the water, by diminiſhing the ex- 


ternal air, as that ſome of them come in mutual 


contact, they form veſicles or bubbles, that 


burſt by their elaſticity. The aſcending ſteam 
of water the magnifying glaſs has already diſ- 
covered, to conſiſt of hollow globules, F. 136. 
So that the elaſtick force of ice is thus to be 
fought for in the conſtituent parts of frozen wa- 
ter. This conjecture J treated on in 1753 in 4 
programma, entitled, Unde vim elaſticam 1 
tur aqua rareſcens. 
3. M. Mairan in his treatiſe on ice, 8 


§. 1. C. 7, 8, and 9. aſeribes to the conſtituent 


parts 
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parts of water a force, whereby they have a tens 


dency to unite under an acute angle. In favour 


of this conatus he adduces two phenomena. 
The firſt threads or filaments of ice, that ariſe 
on the ſurface of the water in a veſſel, have dif- 
ferent inclinations to the ſides of the veſſel, and 
form therewith different angles, which are ge- 
nerally of 60 degrees. On theſe firſt threads 

the ſecond place themſelves under different an- 


gles; and on the ſecond others again ſettle, and 


ſo on, till an entire web and film of ice is form- 
ed. Falling ſnow oftner conſiſts of ſtars, put 


together of 6 equal rays, and ſtanding aſunder 
at equal diſtances. And thus we have ſmall fi- 


laments of water or ice floating in the air, where 


they have full liberty to exert their conatus, to 


unite together under an angle of 60 degrees. 


For, this number is the ſixth part of the 360 


degrees of the circumference of a circle, and 
conſequently, the meaſure of each of the 6 equal 
angles, which with their points unite in its 
centre. 

4. Water, in order to turn to ice, muſt have 
its parts come in mutual contact. For, if ſalts 
are mixed with water, they render it ſo colds 


that the quickſilver in a thermometer, hung 


therein, falls below the freezing point: But then 
they prevent the water from freezing. Its con- 
ſtituent parts are forced aſunder by the pointed 

parts 
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parts of the ſalts. The experience, from which' 
we learn, that ſalts diſpatch the ſmelting of iron, 
affords a proof in this caſe. M. Mairan in P. II. 
Sect. g. c. 1. I. c. confirms the thing by an expe- 
riment. In 1716 he took four pieces of the ſame 
ice, in bulk and figure almoſt mutually equal. | 
| Each was about a cubic inch big. After letting 
them dry well in a great degree of cold, he 
ſtrewed one with dry, and finely rubbed table 
ſalt ſo as to be quite covered therewith, as if 
_ candied or cruſted over; the ſecond in like. 
manner with ſaltpetre, and the third with ſal - | 
armoniack. In order to prevent any degree of 
heat coming to them in ſtrewing the ſalts, the 
falts ſtood in the very ſame degree of cold of the 
air, that the pieces of ice did. M. Mairan alſo 
made uſe of a piece of ice inſtead of a ſcoop, 
with which he ſhot the ſalt on the three pieces 5 
of ice, laying hold on the ſcoop of ice with a 
cold iron forceps. He directly found, that the 
points and angles of this ſcoop of ice were melted 
down, on taking up the ſalts therewith, and 
ſtrewing them on the pieces of ice. The three 
ſtrewed pieces of ice, along with the fourth un- 
ſtrewed, he conveyed on a net of yarn in a room, 
in which he maintained the air in the degree of 
heat of the obſervatory at Paris, that is, to the 
ioth degree of Reaumur's thermometer. This 
experiment he repeated three ſeveral times. The 
Vol. I. Y „„ 
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piece cruſted or coated over with common ſalt 
was always melted down in leſs than an hour, 
the piece with ſal-armoniac within five or ſix 
minutes after; and that with ſaltpetre took al- 
moſt two hours to diſſolve in; the uneruſted 
piece of ice above 5+ hours. 

5. As the ſalts force aſunder the parts of i ice 
and water, and mix therewith; not only the 


quantity of the matters, but the number of the 
ſurfaces is encreaſed into which the fire of ad- 


joining bodies may inſinuate, §. 132. And fo 
this is the reaſon why water, ſnow and ice turn 
colder by ſalts, of no greater a degree of cold- 
neſs than ſalt, ſnow and ice themſelves. And 
hence ſpirit of wine heightens the degree of cold 
of the freezing matters, when poured thereon. 
For, it diſſolves them into ſtill ſmaller parts, 
into which new ways are made for the fire. 
From this very reaſon, the degree of cold of the 
freezing matters happens with greater diſpatch, 
on ſetting the veſſel with them on glowing 
coals. If a vial full of water ſtands in theſe 


freezing matters, the water is turned to ice, ſo 


the freezing matters diſſolve. 


CHAP, 


8 


CHAP. III. 


Of the Effects of WarTER, | 


| 5 140. JF water inſinuates into earth, wood, 
and other ſpungy bodies, they diſco- 


ver a ſtrong degree of expanſion. Hempen 
ropes turn thicker and ſhorter, ſo as to heave or 


raiſe appended weights. If earth well dried, and 
turned to duſt, is preſſed firm together in a veſ- 


ſel, and water poured thereon, the earth heaves 
or ſwells ſo, that ſometimes the veſſel burſts. 
Which alſo happens, on filling a veſſel with-dry 


beans and peaſe, and pouring water on them, 
and cloſing up the veſſel. In mill-ſtone quarries 


it is uſual to make ſmall holes cloſe to each 


other quite round, about two inches deep, and 
between three and four lines in diameter wide. 
Into theſe are driven with great violence plugs 


of willow-wood, that have been well dried 
In the oven, and water poured on them. By 


which the plugs ſwell in ſuch a manner, that a 


piece of the rock looſens. As in all theſe bodies 
there are interſtices innumerable and highly 
ſmall, the inſinuating water is ſo ſubtilly di- 
vided, as when reſolved into ſteam. Were we 
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therefore ſure, that wood, and earth, and the 
other ſpungy bodies did not themſelves con 
a certain elaſtic matter, which was put into mo- 


tion by the inſinuating aqueous particles; from 


the ſwelling ariſing in theſe things by the inſt- 
nuating water, a proof might be drawn, that 


water acted with an elaſtic force, if brought to 
a ſtate, as to be reſolved into a ſteam. | 

But it may well be, that earth and the other 
ſpungy bodies contain an elaſtic matter, which 
begins to act by means of the inſinuating aque- 


ous particles. M. Reaumur from many trials, 
which he made on the nature of earth, and on 


the characters of the ſeveral ſpecies thereof, and 
deſcribed in the memoires of the Academy of 


Sciences for the year 1730, has diſcovered in 
earth a peculiar odour, inſeparable from it. He 
moiſtened a number of times a day ſmall cakes 


of earth for fourteen days together, and again 


every time left them to dry: But in the laſt ex- 


periment he found them ſmell no leſs than in 


the firſt. But as earth ſmells not unleſs when 
moiſtened; it ſeems to him, one might con- 


clude, the matter forming the odour of earth, 


to be too ponderous, to be raiſed barely by 


the warmth of the air; and thus it became ne- 
ceſſary for water to reſolve it, and carry along 


with it the odour. Poſlibly, ſays he, water can- 
nut convey the odour far, and conſequently, the 
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| ſphere of the odour of earth is inconſiderable. 
When water penetrates the grains of earth, it 


cauſes therein ſome alteration. And the air- 
bubbles then burſting forth give ſuſpicion of a 
preceding fermentation therein. Were this 


rightly proved, fays he at laſt, we ſhould have 
a very probable reaſon for the augmentation of . 
the volume of each grain of earth, on being pe- 


netrated by water. 
F. 141. Water damps the violence of fire in 


burning and. glowing bodies, when poured in 


a ſufficient quantity thereon. This effect ariſes 
from water holding little fire in it, and conſiſt- 
ing of perfectly firm and hard parts. If there- 


fore a ſufficient quantity of them comes on a 
burning or glowing body; the parts of the ex- 


cited fire part aſunder, and acquire an unſur- 
mountable reſiſtance. 


F. 142. If pure ſmelted gold, or pure ſmelted 


filver is poured into cold water: Both of them 


paſs through it without any violent noiſe, and 


become divided into grains. This we call gra- 


nulation. Whereas ſmelted iron, tin and lead, 


cauſe a violent and dangerous commotion in 


cold water. And if ſmelted copper is poured 
therein, a violent exploſion ariſes, and water and 


copper are thrown about not without the great- 
eſt danger. The moſt violent and moſt danger- 
ous motion of all ariſes on pouring a little water 
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only on ſmelted copper, or iron or other ore. 
Exploſion and diſcharge are ſo violent, as in no- | 
thing to come ſhort of the effects of gunpowder. * 
The reaſon may be partly in the elaſticity of the 
aqueous particles, and poſſibly, chiefly in the _ 
elaſticity, concealed in the particles of the metl. 
S. 143. The force with which water diſſolves 
certain bodies, is principally to be aſcribed to 
the fire; as M. Eller has ſhewn from the follow- * 
ing experiments, contained in his Diſſertation ſur 
la Nature, & les proprietts de Peau commune con- 
dere comme un diſſolvant, inſerted in the me- 
moires of the Berlin academy of ſciences, T. VI. 
p. 77, 78. Eight ounces of pure water, whoſe 
heat in Fabrenbeit's thermometer indicates the 
33d degree, ſcarce' diſſolve the 64th of their 
weight of common ſalt. Then on taking from 
the water this degree of hear, ſo as to turn 
to ice, the little ſalt diſſolved ſinks to the bot- 
tom. Whereas on heightening the heat of the 
water to the 12th degree of Fabrenbeit's thermo- 1 
meter; two ounces of ſalt will be diſſolved in 
eight of water. And if the heat of the water is 
raiſed to boiling, it diſſolves almoſt its own 
weight. If the water be ſuffered gradually to 
remit from the heat of boiling down to the leaſt 
degree, when ready to turn to ice; you at laſt 
| find the whole quantity of diſſolved ſalt at the 
| | bottom of the veſſel, From this it is very evi- 


dent, 
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dent, that water diſſolves ſalts and on bodies 
by: means ofi its fire. „ 


PART. IV. 
of LIGHT. 


| © H A P. 9 1 
of the ad Properties of Lienr. 


8 abe 251 light we underſtand a fluid and 
| inviſible matter, by whoſe motion 
bodies become viſible. Sometimes alſo by light 
we mean this motion only. 

It is propagated from its ſource in right line 


| which are called rays of light. The rays Cm, 
Cn, Co, Cd, fig. 9. Plate II. which flow from p 


point C, are diverging, or continue removing 
ever farther aſunder, the farther they move on 
from the radiant point. - 

But if the breadth of an enlightened ſurface 
IK, fig. 12. Plate II. to the diſtance of the ra- 
diant point IH, or KH, is, as 1 to 2000c00: 
It is the ſame thing, as if the rays HI and HK 
fell parallel on the ſurface. For, in that ſuppo- 


ſition the angle at H is ſo ſmall, that the angles 


4 at 


|. 


N 


„ 
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at I and K differ little from right angles. And 
_ conſequently the rays HI and HK may be 


_ conſidered as perpendicular lines, drawn from 


H on the line IK at I and K. Such lines run 


parallel, or ever remain equidiſtant aſunder. 
When IK is to IH or HK as 1 to 2000000, 
the angle at H is about a ſecond. But the an- 
gles alfo at I and K would by the eye be undiſ- 
tinguiſhable from two right angles, ſuppoſing | 
the angle at H to be half a minute. And then 
by the greater canon of fines in trigonometry 
IK would be to KH, as 1454 to 10000003 


* that is, as 1 to 6877, Suppoling the breadth 


of the ſurface IK to be two lines, in that caſe : 


IH is equal to 13754 lines. For, 1: 6877 : : 


2: 13754. And thus a point, from which the 
light falls on a breadth of two lines, being 140 
feet diſtant therefrom, the rays of light appear 
to ſtand parallel thereon. 
$. 145. The diverging rays. of a W 
point exhibit either a ſphere or a cone. In both 


caſes the denſity of the light decreaſes, as the 
| ſquare of the diſtance from the luminous point 


encreaſes, when the rays extend thro' a ſpace, in 
which they are not reſtrained by any ee 


matter. 


A ſphere, formed i the diverging rays of a 
luminous body, may be divided into ſpheres of 


different magnitudes, having the luminous point | 


far 
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for their common centre. The larger theſe 


_ ſpheres, the leſs the denſity of the light on their 


ſurfaces; as the diſtances between the diverging 
rays encreaſe with the encreaſing diſtance. And 
thus the denſity of the light on the ſurface of a 


ſmall ſphere, to the denſity of the light on the 


ſurface. of a larger, having a common centre 


with the leſs, is as the ſurface of the greater to 


that of the leſs. Suppoſe the ſurface of the 


greater to that of the leſs, to be as 4 to 1. And 


thus the denſity of the light on the ſurface of the 
leſs, to the denſity of the light on that of the 


greater, is as 4 to 1. Inſtead of whole ſpheri- 


cal ſurfaces take their halves, as the half ſurface 


of a leſs ſphere to that of a greater, is as the 


whole ſurface of the leſs to the whole ſurface of 


the greater, fig. 15. Plate II. The leſs hemiſ- 
phere may be deſcribed by the ſemicircle FCG, 


and the greater by the ſemicircle DBE. The 


_ ſurfaces of theſe hemiſpheres are to each other, 


as the ſaid ſemicircles, So that the denſity of 


the light on the ſurface of the leſs hemiſphere to 


the denſity of the ligtit on the ſurface of the 


greater, is as the greater ſemicircle DB E to the 


leſs FCG. But by geometry DBE is to FCG, 


as the ſquare of the diſtance, or ſemidiameter 
AB, to the ſquare of the diſtance, or ſemidia- 


meter AC. And thus the denſity of the light 
on * ſurface of the leſs ſphere in C, to the 


a | 
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denſity of the light on the ſurface of the greater 5 


in B, is as the ſquare of the greater diſtance AB, 
to the ſquare of the leſs AC. If therefore AB 
is = 2 AC, the denſity in C to the denſity in 
B, is as 4 to 1; and thus the denſity decreaſes, 
as the ſquare of the diſtance encreaſes. 

If the diverging rays of a luminous point D 
fig. 16. Plate IT. form a cone: The baſes of a 
leſs and greater cone, having the luminous point 
for their common vertex, are circles, But in 
both circles the number of rays is equal. But 
in the leſs they lye cloſer together than in the 
greater. So that the denſity of the light in the 


leſs circle EF, to the denſity of the light, in the 


greater AB, is inverſely as the greater circle 


AB, to the leſs EF. But the circle AB to the 


circle EF, is as the ſquare of the radius CB, to 


the ſquare of the radius GF. And thus the 


denſity of the light in the leſs circle EF to the 
denſity of the light in the greater A B, is as the 
ſquare CB to the ſquare GF. As CB is pa- 
rallel with GF, CB is to GF as DC to DG. 


Conſequently the ſquare CB to the ſquare GF, 
is as the ſquare DC to the ſquare DG. And 


therefore the denſity of the light in G, to the 

denſity of the light in C, is as the ſquare DC to 

the ſquare DG. Suppoſe DC = 2 DG. And 

thus the denſity in G to the denſity in C, is as 

4 to 1; and the denſity in C to that in G, as 1 
| | to 
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to 4. So that the denſity of the light in C de- 


creaſes, as the 8 of che 3 c en- 
creaſes. 


DP: therefore | the rays ok light AD ET BD, | 


fig. 16. Plate II. are converging, and unite in a 
point D; their denſity encreaſes, as the a 
of the diſtance decreaſes.  . 

F. 146. In the denſity of that rays the power 
or intenſity of the light conſiſts. And thus if 
light diffuſes itſelf in diverging rays, reſtrained 


by no interpoſing matter; the intenſeneſs of the 


light at the farther diſtance, to the intenſity at 
the nigher, is as the ſquare of the nigher diſ- 
tance to the ſquare of the farther diſtance. 
S. 147. No one ray of light impedes the other 
in its action, fig. 13. Plate II. For, if for in- 
ſtance, rays fall from three luminous bodies A, 


B, C, through a narrow hole upon a wall in a 
dark room; each luminous body will be pictured 


or repreſented apart thereon, as in a, I, c. And 
fig. 14. Plate II. if rays of light fall from a 
ſingle body B through a number of ſmall holes 
upon a wall in a dark room; the ſingle body ap- 
pears as many times thereon, as there are holes: 
as ſuppoſe the holes are in 5, b,b. 
$. 148. And in this manner, according to 
"Muſcbenbroeck in his Iuſtitutiones Phyſice, F. 1 070, 
we may diſcover, how infinitely fine or ſubtle 
the rays of light muſt needs be. If you lay 
. | | your- 
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yourſelf on your back, and cover one eye with 
a paper, through which a hole is made, whoſe 


ſpace admits twenty hairs of the head; through 
this hole you may ſurvey half the heavens; which 

is ſo extenſive, as to be capable of containing 
1000, ooo, ooo, ooo, ooo fixt ſtars. Suppoſing 
there come from a ſingle one 100 rays of light 
only into the ſaid opening or hole, a hundred 


thouſand billions of rays of light would preſs 
through it into the eye. Divide 100 by 20. 


And thus a ray of light would be five thouſand 
billions of times finer than a hair of one*s head. 

$. 149. If the aperture is leſs than the lumin- 
ous body ABC, fig. 13. Plate II. it would be 
reverſed on the wall, as ch. For tho? rays are 
emitted from each point thereof in right lines; 


yet on account of the narrowneſs of the hole, 


only thoſe, which proceed from the upper parts 
obliquely down, and from the under parts ob- 


liquely up, can force through the aperture. 


CHAP. 


E H A . 
ot the Reflection of the Rays of Lois: 


Smooth and opaque aufe of a 

body, whether plain and even, or 
bent, is 5 a mirrour or ſpeculum. If a ray of 
the ſun falls in a right line FE, fig. 17. Plate II. 
on a plain mirrour AB, it will be reflected from 
E to ED in ſuch a manner, as that the angle of 
reflection DEB is equal to the angle of incidence 
_ FEA. Experience itſelf teaches this, when the 

mirrour is a portion of a ſphere, and either con- 


$. 150. 


vex as ab, or concave as a ff. If the ray falls in 
the perpendicular CE on this mirrour, it is re- 


flected back on itſelf. ; 

- $. 353. The nd line CE, PRE 17. 
Plate II. to the mirrour in the point E, in which 
the ray falls from F, and from which it is re- 
flected to D, is called the cathetus of obliquation, 


and forms equal angles with the incident ray 


FE, and the reflected E D, be the /peculum either 
plain, concave or convex. If the mirrour AEB 
is flat, the perpendicular line CE forms with 


EA and EB the right angles o %; Y and x + 2, 


which are mutually equal. The angle of inci- 


dence 


CS: 


x 
he's * 
- = 
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dence o, which is made by the incident ray F E | 


with EA, is in like manner equal to the ang] 
of reflection x, which the reflected ray ED 


makes with EB, §. 130. And deducting equal 


quantities from equal quantities, as o from or, 


and x from æ + u, there remain equal quantities 


| of e 


'The incidence and reflection happen in the 


5 n which remains the ſame, be the ſurface 
ſtraight or bent. The reflection on the concave 5 
ſpeculum a Eg, and the convex aE, happens 
therefore in the very ſame manner as on the | 
plain AEB. So that alſo the angle y is equal 
to the angle ꝝ on the convex and concave 8 
rours. 


5. 152. The. ER FI 17. Plate II. of a 


ſphere, of which a ſpherical ſpeculum is a ſeg- 


ment, is called the centre of the ſpherical ſpe. 
culum. Thro' this the cathetus of obliquation 


always paſſes on a ſpherical ſpeculum CE: As 
each line, perpendicular to the periphery of a 
circle, muſt paſs through its centre. 


$. 153. The diameter of a ſphere ACB, 88 5 
Plate III. of which a concave ſpeculum IBE is 
2 ſegment, is called the diameter of the concave 


ſpeculum; and in ſo far as it paſſes through the 
middle of its arch at B, its axis. The chord, 
which may be drawn from I the one extremity 


of the greateſt arch of the ſpeculum to E the 


other 


min 2 


by * 
i 
1 
4 # 
| 
1 
1 
I ' 
1 
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other extrem ity, is called the breadth of 4 the an- 
cave mirrour. 


S. 154. If a ray of the fon DE, fig. 1. Plate 


III. which falls on a concave-ſpeculum parallel 
to its axis, F. 144. forms with the cathetus of 


obliquation CE an angle m of 60 Degrees; the 


reflected ray falls on the ſurface of the ſpeculum, 
and unites itſelf at B with its axis. For, as the 
parallel lines AB and DE are interſected by the 


right line CE, the alternate angles p and m are 
mutually equal. And thus if p = 60 Degrees. 


As u is equal to m, F. 151; ſo alſo » = 60% If 
the ſum of two angles i in a triangle makes 1200, 


the third angle is 600. So that in the triangle 
BCE the angle « = 60% A triangle, in which 
each angle is 609, is equilateral. - So that BE 
= BC, the radius; and muſt therefore, as the 


fide of a hexagon, fall on the point of the peri- 


phery B, in which CB terminates. | 

$. 155. But if the incident ray K G, fig. r_ 
Plate III. forms with the cathetus of obliquation 
GC an angle o, which is under 60 degrees; the 
reflected ray G F joins with the axis AB in the 
point F, diſtant from the ſurface of the ſpecu- 
lum leſs than about a fourth of a diameter of 
the ſpeculum. For, not only the angle x, $. 
151. but alſo the angle y, as an alternate angle, 


is equal to the angle o. So that in the triangle 
GC and the as * and y at the baſe are 


4 mutually 


8 
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mutually equal, and conſequently alſo, the legs | 
CF and GF. Now as the angle o .is under 60 


degrees; ſo alſo as well the angle y as x is under 


60 degrees. And therefore the angle à is greater 
than y and „ ſeparately. To the greateſt angle 


in a triangle ſtands. oppoſed the greateſt ſide. 


And thus GC is greater than the reflected ray 


GF. So that GF cannot unite with the axis 
AB at the point B on the ſurface of the ſpecu- 


lum. For, that can only happen, when the re- 


flected ray is equal to the nber of oblidus 
tion, 5. . 


But the diſtance FB, which bY vine F has 
From: the ſurface of the ſpeculum at B, is leſs 


than a fourth of the diameter, or than the half 
of the radius. For, as in each triangle the ſum 


of two ſides is greater than a ſingle fide; ſo is : 
CF + GF greater than the radius GC; and 
conſequently alſo, greater than the radius CB, 


as being equal to the other. If you ſubſtract 
from à greater and leſs quantity two equal 
quantities; the greater leaves a greater; and Be 
leſs, a leſs remainder behind. 

Now if CF + GF is greater than FB + CE 

and GF is equal to CF. 
CF is greater than F BB 
And ore FB is ſtill ſhort of a fourth of 


cave ſpeculum. : 


s of the con- 


Y 

r 
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5. 156, When thus the rays of the ſun fall on 
the ſurface of a concave ſpeculum, parallel with 
its axis, and with the cathetus of obliquation 
make an angle under 609; they will be reflected 
and united into. a ſmall- ſpace before the ſurface, 
at a diſtance, leſs than a fourth of its diameter; 


and thus come together denſer therein, than they 
are on the concave ſurface. The rays of the 
ſun collected in this ſpace have the power of 


heating, ſetting on fire and melting. And hence 
this ſpace is called the burning-point or focus; 
and the concave ſpeculum, a burning-mirrour. 


| The effects of the large burning-mirrours, exe-- 
cuted by T/chirnhauſen are deſcribed in the 49a 


Eruditorum, for the month of January 1667. 
$. 157. The leſs the angle o, fig. 1. Plate III. 


which the incident rays KG make with the ca- 
thetus of obliquation & C, the cloſer the reflected 


' rays GF run together in the focus. The angle 
o is equal to the angle y. This laſt is meaſured 
by the arch GB. If GB is taken double, you 
have the arch of the whole breadth of the con- 
cave mirrour. And hence in that caſe we are 
to conſider the number of degrees of its arch. 
Suppoſing the angle 6 or. y = 15 degrees, the 
arch of the breadth has 30 degrees. In a cancave 
mirrour of a ſmall ſphere a greater breadth than 
this, contributes nothing conſiderable to the in- 
tenſeneſs of the rays. - If the burning mirrour is 


GW. . of 


* X 
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of a larger ſphere, the arch of the breadth need 
be only 18 degrees at moſt, and conſequently 


the angle 0 or y 9 degrees only. For, the 
greater the ſphere, the greater is a degree in the 
arch of the breadth. Suppoſing 15 degrees in 
the arch of a greater burning - mirrour to extend 
through as great a curvity, as 30 degrees in the 


arch of a leſs burning-mirrour; the reflected 
rays run together equally cloſe in both foci. 


And if thus the breadth of this greater burning 
mirrour had in like manner an arch of 30 de- 


grees; all the rays, which ſhould run from off 
the concave ſurface from the goth to the 15th 


degree into the focus, would be more diſtant 
aſunder, than the rays in the focus of the leſs 


burning mirrour, whoſe breadth was an arch of 
30 degrees. Conſequently they would not act 


in the focus much ſtronger than the rays in the | 


focus of the leſs ſpeculum. 
$. 158. As the rays. come therefore always 


denſer together in the focus, the leſs the angle o 


or y; ſo the focus, in which the rays are denſer 


together, is further diſtant from the concave 


ſurface than the focus, in which the rays have a 
leſs degree of denſity. But the diſtance of the 


focus F, fig. 1. Plate III. will be never equal to 


half the radius, $. 155, The point, where the 


radius BC is biſſected, call . The denſer there- 
fore the rays in the focus F, the nearer they are 


to 


of FLUID BODIES: 


to the point o, and the leſs the line between 0. 


and F. The leſs this line, the greater number 


of times it is contained in half the radius. In 


order, therefore, to know how the denſity of the 


rays decreaſes, ſo the breadth of the arch en- 
creaſes with the number of its degrees, in the 


caſe of having burning mirrours of equal dia- 
meters or ſpheres; the ratio. of the line oF to 
half the radius BC muſt be made out by calcu- 
lation. How to perform this, baron Woſſius 
ſhews in his Elementa Catoptricæ, $. 217, 8 


ſuppoſe the breadth of the arch of the concave 


ſpeculum to be 6 degrees; oF is to half the ra- 
dius, or to the radius BC, as 1 to 14 57. If the 
breadth of the mirrour is 30 degrees; oF is to 
the radius of the mirrour, as 1 to 356. 

'$. 159. But if one burning mirrour is of a 
greater ſphere than another; its focus has a 
greater degree of power or intenſeneſs, than the 
focus of that other, when the arches of their 
breadth are mutually equal in number of de- 


grees. For, the concave ſurface of the mirrour 


of the greater ſphere intercepts a greater number 


of rays, than the concave ſurface of the,n mirrour 
of the leſs ſphere. | 


F. 160. As the focus of a concave beige 


falls between the fourth and fifth part of its dia- 
meter, $. 155; the diſtance of the focus from the 
concave ſurface is the greater, the greater the 


"Oz 4 © diameter 
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a burning ſpeculum to be an ell in diameter; 
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and another 4 ells; the focus of the firſt falls 
almoſt a quarter of an ell, and of the ſecond al- 
moſt an ell diſtant from the concave ſurface. 


The Roman fleet in the days of Archimedes, lay 


at leaſt 30 paces diſtant from the walls of ra- 


cuſe. Should Archimedes therefore have ſet the 


ſhips on fire with a ſpherical burning mirrour, 


its diameter muſt have been vpwerds of 120 
paces. 


$. 161. The rays which fall on a ſpherical 
convex ſpeculum HI, fig. 2. Plate III. in ſuch 
a manner, as that they run parallel with its axis 


BC, become diverging by the reflection. The 


ray AB returns on itſelf, $. 180. The cathetus 
of obliquation EF, drawn to the point, on 
which the parallel ray DE falls on the ſpecu- 
lum, makes with the radius ECof the ſpeculum 
a right line. The radius EC, and the axis BC 


are diverging. And therefore alſo the cathetus 


of obliquation EF, and the incident ray DE 
parallel with the axis, are diverging. The ca- 


thetus of obliquation forms equal angles between 


the incident ray DE and the reflected EG, $. 


151. And therefore the reflected muſt be di- 

verging from the parallel incident ray. 
$. 162. A ſpherical convex ſpeculum refles 

therefore the incident rays parallel with its axis 


3 | | In 
| EE. WY a 
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in ſuch a manner, as after the reflection to 20 
with a much weaker force. | 


$. 163. A plain fpeculum reflects cradle ths 
parallel incident rays. Theſe reflected rays gain 


therefore no greater e than "OP had in the 


incide nce. 


D . 8 Fay *YNE 


5 . III. - 
Of the RefraQtion of the Rays of Lac. 


$. 164. „ eee, ray of light paſſes out t of 


one medium into another, and in 


chat ether medium proceeds in a line, which 
makes an angle with the former; this change of 


direction is called its refratlion. But both ſpaces - 


or mediums muſt differ in denſity, fig. 1. Plate 


IV. Suppoſe the medium ABCD to be glaſs, 


and the medium round the glaſs to be air. 
Draw at F the perpendicular EFG, and at K 


the perpendicular HK I. If a ray of light NF 
falls obliquely on AB, it proceeds not along 


NFL, but breaks itſelf in the glaſs, and inclines 


towards the perpendicular FG, and goes on un- 


varied to the limits of the glaſs K. But in the 
iſſuing out at K it proceeds not to P, but turns 
or declines from the perpendicular Kl, and 


230 


' Of FLUID BO DIE $: 


takes the line KO, If a ray falls perpendicular 


it goes on unbroken, or unrefracted through the 
medium into which it enters. 

FS. 165. The angle which the ray NL incident 
on and propagated threugh the glaſs, and the 
broken or refracted FG forms at F in the glaſs, 
is called the angle of refraction: The angle which 
the refracted ray F K makes with the perpendi- 
cular FG, of the axis of refrafion, at F ih the 
glaſs, the refrafed angle: And the angle, which 
the incident ray N F forms with the perpendicu- 
lar EF, or the axis of incidence at F, the angle of 


inclination. 
9. 166, Deſcribe with the perpendicular A 
an arch AD; and with the perpendicular CG, 


an arch GE, fig. 3. Plate III. The angle of 


inclination DC A, which the ray DC, incident 


out of air into glaſs, forms with the perpendicu- 


lar AC, is equal to the vertical angle ECG, on 


producing: the perpendicnlar, and the incident 


ray through the ſpace or medium RM, CF is 


the refracted ray, and conſequently the angle 


FCG the refrafted angle. The perpendicular 


line HE, drawn from the point E, where the 
arch GE interſects the line EC, to CG; as alſo 


the perpendicular line De, drawn from the | 


point, where the arch AD interſects the line 
DC, to AC, is the fine of the angle of inclina- 


tion OY and the perpendicular line IK, 


drawn 
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drawn from the point I, where the arch GI in- 
terſects the refracted ray CF, to GC, the ſine 


of the refracted angle FCG. The fine of the 
angle of inclination is in a conſtant ratio to the 
| ſine of the refracted angle, as 3 to 2 nearly; 


when the refraction happens out of air into 


glaſs: And conſtantly almoſt. as 4 to 3, when 


the ray is refracted out of air into rain-water. 
And having therefore by obſervation an angle 
of inclination, and found the refracted angle an- 
ſwering thereto; the other refracted angles ac- 
_ cording to any angle of inclination. may be 
found by calculation: As Zahn in his Oculus Ar- 


tiſicialis, has calculated, and reduced to a table 


all refracted angles, when the rays are refracted 
out of air into glaſs, as alſo the angles of re- 
fraction according to any angle of inclination 
throughout the quadrant of a circle. You find 
the angle of refraction, ſo you deduct the re- 
fracted angle from the angle of inclination. For 
this laſt is the ſum of the refracted angle, and 
the angle of refraction. As if the angle of in- 
clination is 30 degrees, and the refracted angle 


19 degrees, 29 minutes, and 29 ſeconds; the 


angle of refraction is 10% 300 31“. 
§. 167. If therefore the angle of inclination 


of a ray, falling out of air into glaſs, is under 


30 degrees; the angle of refraction E CF, fig. g. 


Plate III. is 3 nearly of the angle ECG, and 


g * con- 
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conſequently of the angle of inclination A CD. 


The experiment, whereby Kepler diſcovered this 


| propoſition, and the inſtrumentum anatlaſticun, 
deviſed by Hawkſbee, by which the refraction 


may be obſerved in different fluids, baron Wol- 
fins deſcribes in his Zxperiments, P. II. 9. 153. 
2 

9. 168. If we conſider the refracted ray IC in 
glaſs, as 4 tay which goes out of glaſs into air 
to D; it is fo refracted, as juſt to fall in the line 


CoD, in which it was incident from air into 


glaſs. So that ICG is the angle of inclination, 


which the ray IC in glaſs forms with the per- 
pendicular CG; and AC the refracted angle, 


which the refracted ray CD out of glaſs into air 
forms with the perpendicular AC. And thus 
the perpendicular IK is the fine of the angle of 
inclination, to which the perpendicular #B, on 
account of the equal vertical angle at C, is equal. 
On the contrary, the perpendicular oD is the 
ſine of the refracted angle. The perpendicular 
EH is equal to the perpendicular oP, as the 
angles at C are vertical. The fine of the angle 
of inclination is to the {ine of the refracted angle 
conſtantly as 2 to 3, when the "we is refracted 
out of glaſs into air. 

$. 169. As the angle ECF = of the angle 


ECG; fois the angle FCG = 3 of ECG. 80 
that the angle ECF = + FCG, The angle of 


re: 
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refraction BCD is equal to the angle ECF, as 
being two vertical angles. If therefore the an- 


gle of inclination, which a ray in glaſs forms 


with the perpendicular, is under 30 degrees; 
the angle of refraction, which the refracted ray 
out of glaſs into air forms with the produced 
ray, half the angle of inclination. 


5. 170. A glaſs, which is a portion of a ſphe. 


rical 1 is called a Leus, whoſe ſize is eſti- 
mated by the diameter of the ſphere, of whoſe 
ſurface it is a portion. And thus a glaſs or lens 
of 3 feet is a portion of a ſpherical ſurface 3 feet 
in diameter. 


F. 171. Theſe glaſſes or lenſes are divided into 


convex and concave. The convex are either 


convex on one fide only, and on the other fide 
plain, fig. 2. Plate IV; or convex on both ſides, 


fig- 4. The concave are in like manner either | 


concave on one ſide only, and plain on the other, 
fig. 5. or concave on both ſides, fig. 6. 
F. 172. The right line, which goes through 
the middle of a lens, and through the centre of 
the ſphere, of whoſe ſur face jt is a part, is called 
the axis of the lens; as CBF, fig. 2. CKE, fig. 


4. CHA, fig. 5. IK, fig. 6. The centre C of 


the ſphere, from which the lens is taken, is alſo 
called the centre of the lens. The right line, 
| drann from it to the point, where a refracted 


ray 
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ray falls in or out, is called a perpendicular, as 


CIK, fig. 2. 


4$. 193. A ray of light, filling on a curve 


| ſurface, is in the ſame manner refracted in it, as 


if fallen on a plain ſurface, in contact with the 


curve in the point of incidence. For, the ray is 


refracted in an infinitely ſmall part, F. 148. 
which both ſurfaces have mutually in common. 

$. 174. A ray of light, falling on the axis of 
a lens, ſtands like it perpendicular on the lens, 
and goes therefore unrefracted through, F. 164, 
The other rays of light, running on the curve 


ſurface of the lens paralle] with its axis, form 


an oblique angle with the perpendicular, as HI 


with KL, fig. 2. 


$. 175. As the glaſs of a lens has the 153. 
denſity throughout, the rays refracted therein go. 


out in right lines, §. 164. 


$. 176. If a ray of light GL is incident on 


the plain ſurface of a convex lens DB] parallel 


with its axis CBF, and ſo near it, that the an- 
gle of inclination GIC or HIK makes not 30 


F degrees; it will unite therewith behind the lens | 
at the diſtance of its diameter, fig. 2. Plate IV, 


As the ray GH falling perpendicular on the plain 


ſurface, it proceeds unrefracted on to the exit at I. 
Were the ſurface there plain, it would proceed 
ſtraight on along IH. But on account of the 
curve ſurface it is refracted. And as this hap- 


pens 
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pens in the exit, it is refracted from the perpen- 


dicular CIK to the axis CBF. The angle of 
refraction FI H is = + the angle of inclination 
HIK, 5. 169. The parallel lines G IH and 
ACF are interſected by the perpendicular CIK. 

And thus the external angle H IK is equal to 
the internal FCI, and the angle F IH to the 


alternate angle IFC, And therefore in the tri- 


angle FCI the angle FCI is to the angle IF C, 
as 2 to 1. If the angles are not too great, we 
may without any conſiderable error aſſume, the 


ſides to be to each other as the oppoſite angles. 


Conſequently, the line FI = 2 CI. But CI is 


the radius of the lens. And therefore the diſ- 


tance F is equal to its whole diameter. As 
FI is very near the axis FB, there is between 
them in length no conſiderable difference. So 
that the refracted ray FI concurs with the axis 
in the point, which is diſtant from the curve 
ſurface about the quantity of the diameter of the 
Jens. | 1 


If the ray of light falls out of air on the con- 


vex ſurface of the lens parallel with its axis, as 


well entering as going out, it undergoes a re- 


fraction: For, as in entring, it is refracted on 
the convex ſurface, it comes under an oblique 
angle on the plain ſurface. And therefore alſo 
in the going out of the plain ſurface into the air 


it is refracted, §. 164. And conſequently the 
| 7: diſtance 
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diſtance at which it unites with the axis is ſome- 
what leſs than the diameter of the lens. Ac- 
200m to baron Molßus in his Elements Catop- 
trice, F. 173. feq. the difference, by which the 


diſtance of union is leſs than the diameter, 


amounts to 5 of the thickneſs of the lens. Bur - 
if this laſt, in regard to the ſphere, from which 
the lens is taken, is inconſiderable; the diſtanee 


of union is to be conſidered as equal to the dia- 


meter of the lens. TM more rays run to the 
axis of the lens, when the light falls out of air 


on the convex ſurface, than when i it _ comes 
on the plain ſurface. 


& 177. The rays of the ſun collected in the 


point F, which are incident parallel with the 


axis A CB, S. 144. have a burning force. And 


hence the point F, in which the rays of the ſun 


refracted out of the lens unite with the axis, is 


called the _—_— yo and the lens a Pn 
glaſs. - 
$. 178. If the FED HE K is convex en both 


ſides, the diſtance of the focus F is nearly equal 
to the radius, fig. 4. Plate IV. The demonfira- 


tion baron Wolfius gives in his German Elem. 
Diopt. F. 23. As the burning-glaſſes, convex 
on both ſides, collect the rays into a narrower 


ſpace, than thoſe that are convex on one ſide 
only; ſo alſo their focus has greater force than 
that of the others. 8 * thoſe 

of 
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of 7/chirnbauſen claim the preference, and are 
deſcribed in the Aa Eruditer. for the _ Pee 


p. 414. ſegg. 


9.179. If a ray PE, Bic S Plate IV. is inci. 
dent on a glaſs ſphere parallel with its axis 
ACB under 30 degrees; it will be united with 


the axis behind the ſpbere in F at the diſtance 
of a fourth of its diameter. The demonſtration 


you find in baron Hons . Elew. n 


F. 18; fe 
5. 180. If the rays falling on a Fel aum di. 


verging with the axis, their focus is farther diſ- 


tant from the lens than the focus, which the 
rays falling parallel with the axis form. This 
baron Wolfius nnn his Elementa Diop- 
rice, F. 223. 

9. 181. The cd rays, which go out of A 
tranſparent medium through a plain ſurface into 
another, remain parallel alſo in that ather, tho? 
both mediums differ in denſity, fig. 3. Plate III. 


For, if the rays AC and LC fall perpendicular 


on the refracting ſurface RC CM, they paſs thro? 


unrefracted, 5. 164. and muſt therefore remain 
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parallel. But if the rays DC and HC fall ob- 


liquely on the refracting furface, but mutually 
parallel, the angles of incidence DCC and 
HCM are mutually equal. For, as the refract- 
ing ſurface is to be conſidered as a line, by 
wn the parallel lines DC and HC are inter- 
On. 
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ſected; the external angle HC M is equal to the 
internal DCC. So that alſo the angles of in- 
clination AC D and LC H are mutually equal. 


For, ACD with DCC makes a right angle; | 
and LCH with HCM in like manner a right -_ | 


angle, which is equal to the other. And ſub- 


tracting equals from equals the remainder is 


equal. Now the fines of the angles of inclina- 


tion have always one and the ſame ratio to the 
fines of the refracted angles, F. 166, and 168. 
And therefore alſo the refracted angles FCG 


and pCq are mutually equal. But FCG with 


FCR forms a right angle; as alſo pCq with 
. PCC. And if thus from theſe right angles, 
which are mutually equal, you dedu& the equal 


angles FCG and pCgq; there remain the equal > 
angles FCR and pCC. If two lines CF and 
Cp are ſo interſected by a third, that the exter- 


nal angle is equal to the internal; the interſected 


lines CF and Cp, as refracted rays, are 5 | 

parallel. 
$. 182. If therefore the rays of the ſun Fall 
on a glaſs, plain on both ſides, either under a 
right or an oblique angle; they will thereby be 
brought neither to a narrower, nor a wider 
ſpace. And thus with a glaſs, plain on both 
ſides, there is no burning. 
$..183. If a ray of light is incident parallel 
with the axis on a e concave either on one 
ſide 
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ſide or on both; the rays will be refracted from 
the axis, and after refraction ever continue re- 
ceding farther from it, the farther they proceed. 


If the glaſs is plain on one ſide, and on the other 


concave, fig. 5. Plate IV. the ray OH goes un- 
refracted to the limit H. But here in the exit it 
is refracted from the perpendicular CH, $. 164. 
and thus in its progreſs ever removes farther 
from the axis AC B. If the glaſs is on both 


fides concave, fig. 6. Plate IV. the parallel inci-. 


dent ray LN recedes from the axis AIK B as 


well in the ingreſs as egreſs. For in the ingreſs 


it is refracted towards the perpendicular, drawn 
from I through the point of ingreſs, §. 164. 


Now as this perpendicular recedes from the 


axis, ſo muſt alſo the refracted ray. In the exit 
at O the ray is refracted from the perpendicular 
KP, and thus after refraction recedes ſtill farther 
from the axis, than er the firſt refraction. 7 


F } Q & — OO i . N n Jo N 
eee 


0 


0 H A P.. IV. 
Of the Inflection of the Rays of Licur. 


5 88 F through an aperture you le a num- 


| ber of parallel rays DC and EO, 
fig. 4. Plate III. fall into a darkened room, and 
paſs — 15 edge C of a body AC; their 
direction 
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direction will be ſo changed, as to incline to- 
wards the ſide AC, and take the way Cd and 
Oe. The ray DC, paſſing neareſt along the 
edge C, inclines ſtrongeſt towards the ſide A C; 
on the contrary, the more diſtant EO, weaker. 
This change of the direction of a ray of light, 
raking along the ſurface of a body, is called the 
Infleftion. The jeſuit Grimaldi; Fho firſt obſerved 
it, calls it the Diffraction. Newton has more 
circumſtantially enquired into it, and deſcribed 
the diſcoveries he made, book III. of his Opricks. 
If in a darkened room you let a ray of the ſun 
paſs along between the edged of two knives, © | 
which ſtand as cloſe together as poſſible; it ſo 
divides itſelf at the edges of the knives, that the 
parts of the ray received on a white paper, ex- 
hibit with their light the tail of a comet. The 
manner of trial Graveſande very diſtinctiy de- 
ſcribes in his. Elementa Phyſices, T. II. c. 3. 
From this it is clear, that alſo thoſe particles of 
the ray, which are not in immediate contact 
with the edges are inflected. If in a darkened 
room you let a ray of light fall on a thread or 
wire, which fully receives or intercepts the ray; 
the thread or wire caſts a ſhadow; which if you 
intercept yith, & white paper at a great diſtance 
from che thteaflg it is much broader, than cloſe 
behind the head. The reaſon of which is, 
that the rays, which were to proceed ſtraight on 
3 5 along 
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along the ſides of the thread, by the inflection 
interſect mutually behind it. Which in particu - 
lar appears from the back of the wire, which 
ſhould be quite dark, being greatly illuminated 
at the limits, at which the rays ſhould rake | 
along ſtraight forwards: | | 
S. 185. From this it is evident, that the rays. 
of light have a greater tendency towards the 
denſer bodies, glaſs and water, than towards the 
far rarer air: And thus we may explain the re- 
fraction in glaſs, water and air by attraction, | 
taken in a mathematical ſenſe, $. 58. And thus - 
the ray of light NF, fig. 1. Plate IV. is re- 
fracted in the ingreſs into glaſs out of air to- 
wards the perpendicular FF; as the attraction 
of the glaſs plain at F is ſtronger, than the at- 
traction of the air: And the refracted ray FK is 
refracted in the egreſs from the perpendicular 
KI; as in like manner the attraction of the 
nearer glaſs plain is ſtronger than the attraction 
of the air. The line FK, in which the refracted 
ray moves, is therefore a diagonal: And the 5 
motion therein ariſes from the force of the ray 


along NL, and from the force of the attraction 
—_ FE, $. 13. 
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CHAP. v. 


Of the Phznomena, ariſing by Means of the 


different Rays. 
1 186. E ſee an object along the line, 
along which the ray of light 
comes from it to the eye; as for inſtance, along 
the line IK H, fig. 1. Plate IV. when the ray 
goes out of K into the eye at I; or along OK Q; 


when proceeding from K to the eye at O. 


F. 187. And hence by means of refracted 
rays, bodies appear in a different place, from 
what they really are in. If the ray FK comes 
to the eye at K, fig. 1. Plate IV. the body N 
appears in the place M. If the ray K O falls 
into the eye, the body N appears in the place Q. 
FS. 188. If the light, which falls from an ob- 


ject on a plain ſurface under an oblique angle, 


is refracted once only by it; by the refracted ray 
the object appears more elevated than it really is. 
Suppoſe A B, fig. 5. Plate III. to repreſent the 
ſurface of a denſer medium than air. From the 


point C under the ſurface, ſuppoſe a ray C A to 
go perpendicularly towards it, and the other 
CF obliquely, AC e thro' unrefracted: 


. Whereas 


Pte 


5 * * N X 
-4 { 
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| Whereas CF is refracted at F from the perpen- 


dicular towards D, F. 164. If therefore the eye 


is in D; the point C appears to it in c, and con- 


ſequently higher. And hence the ſurface on 


Which a die of glaſs ſtands, appears raiſed quite 
to its middle And fiſh and other things under 


water appear to be nearer to us than they really 


are: And a body lying on the bottom of an 
empty glaſs, and viſible either not at all, or in 
part only, ſo you look obliquely over the rim 


into the glaſs, will become viſible either in whole 


or in part, on pouring water into the glaſs; and 
the eye continuing in the ſame poſition. And 


hence baron Wolfins in his Elementa Dioptrice, 
$. 86, explains the hydromantick machine, by 
which the image of an immoveable object may 
be exhibited to, and withdrawn from the eyes at 
pleaſure, tho* they remain unchanged in poſi- 


tion. A ftraight ſtick, put partly oblique into 
water, appears broken at its ſurface when looked 


upon; as all the parts of the ſtick under water 
appear higher than they really are. If you view 


the ſtick through the ſide of the glaſs; in which 
it ſtands; it in like manner appears broken at 


the ſurface of the water; as the parts under the 
water appear nearer to the ſide of the glaſs than 


the parts above the water, 


Suppoſe the eye to be within the denſer me- 


Ham at D, fig. 6. Plate III. and the object 


R 2 _ with» 


243 


244 


Of FLUID B50 DIE S. 


without it at C. As the ray CF is refracted on 
the ſurface AB at F towards the perpendicular, 
$. 164. So the point C appears by the ray DF, 
which is carried to the eye to be in c; and con- 


ſequently farther from AB, and thus higher - 
than it really is. And thus objects in the air 


appear more remote to the fiſh in the water; 
and to us the ſtars more elevated above the ho- 
rizon than they actually are, on the light being 
obliquely incident. How much the refraction 
of the light raiſes the image of a ſtar in each 


degree of elevation, reckoned from the horizon, 


De la Hire has ſhewn in his Tabule Aſtronomicæ, 


in a table apart, in minutes and ſeconds, and to 


be found in Wolfius's Elementa Aſtronomiæ, Sect. 


349. If a ſtar is ſeen at the elevation of 10 
degrees you muſt deduct 5' 41”, But if obſerved 


at the height of 20 degrees, you are to deduct 
2' 51" only. If ſtanding at the horizon, by the 


_ refraction it appears, 32“ above it. 


The denſer the medium, into which a ray of 
light is incident out of a rarer, the greater the 
refraction. The Dutch in 1596 ſaw in Nova 
Zembla the image of the ſun ſixteen days ſooner 


than it could be really ſeen at the horizon in a 


clear ſky; as being ſtill four degrees depreſſed 
under the horizon. If therefore the denſity of 


the air encreaſes and decreaſes, the refraction 


alſo of the light will be now leſs, again greater; 


and 
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and an object appears through it, now lower 
again higher. If we view, for inſtance, through 


a fixt tube a tower at a diſtance, we obſerve 
from morning to noon always a higher part; 
and from noon to evening always a lower part. 


. 189. If a ray of light undergoes a double 


refraction, when going from a point N out of a 
rarer matter into a denſer, and out of this again 


to a rarer: The Point, by the refracted ray OK, 


fig. 1. Plate IV. appears to the eye in 'Q, and 


thus lower than it really is. 
S. 190. The perpendicular CD, fs. 7. Plate 


III. which may be drawn from a radiant point 


C on the mirrour AF B, is called the catbetus 
incidence. i | 


FS. 191. Each ls; kb which is fall on 


a plain mirrour, appears behind it in the point, 
where the reflected ray unites with the cathetus 
of incidence, ſo you imagine both lines to be 

produced through the glaſs, fig. 7. Plate III. 
No ſuppoſe either the pe 

ray CD, or the oblique refſected G FE, to come 

from the luminous point 


dicular reflected 


to the eye; in both 
caſes C appears not only at the ſame diſtance, 
but alſo in the ſame point behind the mirrour. 
This experience teaches. Now this conſtant 
point of diſtance can be no where elſe but in E, 


where the cathetus of incidence C DE, imagined 
to be produced through the mirrour, concurs 


R 3 | with 


245 


—— j ada 0 ee 
re * y 
— — * AS 1 force abs! Te II pl — 
— — — — > oe — — won Ne 


— — — —— 


2 
be 12026 Di 
ns 5 7 » — by 2 n 8 2 * 
Hh, mm 27 * ng 5 e F K l 4 N 
.. pee TY, es EY — a a 3 n WS 8G n ER, ee ee e 2 wad ) * Moor ay 2 p | 
on Ce k 4 : 1 — Were me 
— 


— 997 > Ap mac 


2 


—— . wire EW. 8 
— * », <> Fg 


—— _ a now De were yt 
S —— N 


—ñ — — . 
— —  onpanats 
. m ———— —„— 2s 


— — 
— 


— 


LIES — — — 
——_—  — — — 
— 


— —— —¾:ĩlG — _ 
— — RO Bs 
— cng. 9.” 3 


_— 
: . — — 
r bc n 2 
ga bo Jas” 4% - « 


— 
Eo 


— Framal — — —ͥ — —— 2 — Non CE NEU 
„ . 2 —— ——— — — — — 
— - 6 0 - — — — o 5 
* 
—— N —— 
N IL 9 
4 by,” 
— 4 — , 
— = g > 


346 


Of FLUID, BODIES. 


with the reflected ray GFE. For, the angle 
of incidence y is equal to the angle of reflec- 


tion *, §. 150, But the angle o is alſo equal 
to the vertical angle x. And therefore y = 0. 


And conſequently FE muſt concur with DE in 


E, as FC does with DC in C. And for C 
therefore to appear without the point E; C 


could not be ſeen in one and the ſame point and 
diſtance, on viewing one time along the line 


CD, and another along the line GF. 

$. 192. If you therefore ſee an object C, fig. 
7. Plate III. in a plain mirrour, it appears ſa 
diſtant behind the mirrour in E, as itſelf is 


| really diſtant from the mirrour. For, as CDE 


is the produced cathetus of incidence, at D the 


angles are right, and conſequently equal. The 


angle ) is equal to the angle o, and the fide DF 
a common baſe to both triangles, 11 e 


TR. = DE. 


F. 193. Every body is ſeen der a certain 
uagle. For, both the rays AC and AD, fig. 9. 
Plate. III. falling from both the extremities of 
the body CD through the middle of the pupil 
of the eye A, include at A an angle. This an- 
gle is called the angle of vilian, and is the mea- 
Auxe of the apparent magnitude of the fide CD 
oppoſed. to it. The magnitude which anfwers 
to the fide, without being viewed under this 
angle, is called its real magnitude, | 


Lal 
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§. 194. The greater therefore the angle of vi- 


6205 the greater the object appears. Whereas, 
the ſmaller the angle of viſion, the ſmaller ap- 


pears the object. As for inſtance, CD is equal 


to EF. But as EF is farther diſtant from A 


than CD; ſo EF appears under a leſs angle 
E AF than CD, which is ſeen under the greater 


angle CAD. And hence EN e leſs than 


CD. 
96. 195. In 1 * Wies appear be: 


hind them in their true form and magnitude. 


Both the catheti of incidence, AC and BD, fig. 
8. Plate III. drawn from the object AB to the 
mirrour FE, as being perpendicular lines, retain 
therefore conſtantly one and the ſame diſtance 
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from each other, produced never ſo far. Nox 


as a and 3 appear ſo diſtant behind the glaſs, as 
A and B are diſtant from it, F. 192. the line ab 


is not only equal to the line AB, but ab appears 
in the eye G under as great an angle, as is that 
under which AB would appear, ſtood the eye in 
2, and were the mirrour removed. 

F. 196. In convex ſpherical mirrours the 


images are leſs than the objects repreſented. 


The catheti of incidence, drawn from the radi- 
ant points A and B, fig. 10. Plate III. to a con- 
vex ſpeculum GH, go through its centre, if 
produced; and thus ever approach mutually 
nearer. If from the point A you look into the 

R + mir- 
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mirrour in the cathetus AC; A appears as diſ- 
tant behind the convex ſpeculum, as it exhibits 
itſelf to the eye, when viewed in the reflected 
ray Fd. Alſo A in both caſes will be ſeen be- 
hind the mirrour at one and the ſame place. 
And this experience teaches of the point B, 
when viewed by the eye in the cathetus BC and 
the reflected ray Fe. And therefore every point 
of the object appears behind a convex ſpeculum, 
Juſt as behind a plain one at the place, where 
the cathetus of incidence, and the reflected ray 
unite, when-imagined drawn through the mir- 
rour, F. 191. Now as both the catheti of inci- 
dence, drawn from the extremities of the objects 
A and B, are nearer each other within the con- 
vex ſpeculum than without it; ſo the line a6, 
imaged within the mirrour, is leſs than the real 
line AB. So that the image in the ſpeculum 
muſt appear under a leſs angle, than the object 
vuVithout it, on viewing image and object at equal 
diſtances. Convex mirrours therefore exhibit the 
objects leſs than they really are. INE 
$. 197. It the convex ſpeculum is cylindrical, 
and ſtands upright; every object appears in it 
very long, but extremely ſlender. For, length- 
wiſe pure ſtraight lines may be drawn on its ſur- 
face. And thus lengthwiſe it exhibits a plain 
mirrour. Lengthwiſe therefore objects appear 
jn their true magnitude. But as the mirrour 
breadth- 
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breadthwiſe is convex, it exhibits the objects leſs 
than they are. An image, which has the length 
of the thing repreſented, but a leſs breadth, ne- 


ceſſarily ſnews long and ſlender, when compared 


with the object. If the cylindrical mirrour is 


held horizontal, the objects appear broad there- | 
in, but extremely ſhort. | If the convex ſpecu- 
lum is conical, and ſtands upright, the objects 
ſhew long and ſlender therein, and tapering 


above, and below much broader. For, length- 


vuiſe a right line may be drawn on it, repreſent- 
ing a plain ſpeculum. And thus the object ap- 


pears in its length; breadthwiſe are circular pe- 
ripheries, decreaſing always from the baſe to the 


vertex. So that the image, which already is 


ſlender at the baſe, muſt ever turn ſlenderer, the 


nearer it comes to the vertex. If a conical ſpe- 
culum is parallel with the horizontal line, or is 


inclined towards it; the objects appear broad 
and very ſhort, and on one ſide leſs than on the 


other. There are given anamorphoſes or de- 


formed images, which are again rectified in cy- 
lindrical and conical mirrours. The cylindrical 


you ſet on the deformed image; but the conical 


in ſuch a manner, that the image encompaſſes 
its rim. In order to view the image in the coni- 


cal, you hold the eye over its vertex. Leupold's 


anamorphotick machine, by which deformed 


images are made, is deſcribed in the Aa Erudi- | 


5 | ror, 
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or. for the year 1712, p. 367. The ſeveral 
ways of delineating deformed images, Schottus 


deſcribes in his Magia Univerſalis, in the 3d book 


of the Opticks, intitled Magia Anamorphotica. - 
MA. Leutman in 1729, exhibited ar Peterſburg 
on a metal plate by means of a polyedron, the 


image of the emperor Peter II. Without the 


polyedron there appeared to the naked eye in 


the middle of the plate the two- headed eagle 


crowned, which held in the one claw the ſceptre, 
and in the other the monde. In the middle on 


the lower part of the plate was ſeen a veſſel with 


ornaments. Out of the veſſel] went a bay-tree, 
V hoſe branches ſpread round the eagle. At the 


branches hung fruit, which formed the proper 
parts of the image. Round the bay-tree were to 
be ſeen the arms of Afracan, Caſan, Siberia, and 
other kingdoms ſubject to Ria, Under the 


veſſel ſtood written on a flying or waving label; 


Vivat Petrvus II. ImezR ator. On looking 
through the polyedron on this plate, there ap- 
peared the image of the emperor Peter II. on a 
white plate. From the ſhoulder hung down the 
ribbon of the order of St. Andrew, The head 


was braided round with bay-berries. To the 
right ſtood a table, on which the crown and 


the veſſel, the arms, and the eagle were not to 
8 | anamor- 
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anamorphotick repreſentation, he himſelf de. 
ſcribes in the er. een T. IV. p. 208, 
feqq- 

$. 198. The ſmaller the i image of a thing in a 
convex mirrour, the bigger is it behind a con- 


cave mirrour, when the thing or object lies be- 


tween its ſurface and focus. Suppoſe the line 
ab, fig. 10. Plate III. which was an image of 
AB, to be viewed in a concave ſpeculum GH 
by the eye in the centre C; you fee a and 5 by 
the rays Ha C and FC, as along catheti of inci- 


dence, reflected from the concave ſurface, and 


conſequently behind the mirrour. But theſe 
catheti run on in ſuch a manner, that their in- 
termediate ſpace becomes always larger. And 


thus the image AB muſt appear far larger be- 
hind the glaſs, than the object ab ſtanding be- 


fore it. 
$. 199. If a burning body ſtands i in the focus 


of a concave ſpeculum, the rays reflected from 


its ſurface run on parallel. For, the ray FG, 


fig. 1. Plate III. going from the focus to the 


ſurface, falls on the point G, from which the 
incident ray K G comes to the focus. So that 
FG muſt be reflected from the point G along 


the ſame line, in which K G falls diſtant on the 


ſpeculum, and thus in its reflection run parallel 


with whe axis, and with the ray reflected along 


it, 
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$. 200. So that a burning mirrour throws the 
light of a burning body, ſtanding in its focus, 
through a great diſtance, and can illuminate a 
far diſtant object. If theſe reflected rays fall in 


aà certain diſtance on a greater burning mirrour ; 
they are reflected from its ſurface into a point, 
in which they have a burning force. 


F. 201. If an object is farther diſtant from the 
ſurface of a concave ſpeculum than its centre; 


an eye, which in like is at a greater diſtance 
than the centre, ſees the i image of the object ho- 


vering reverſed between the centre and the ſur- 
face of the ſpeculum. For, the incident ray 


ED, fig. 11. Plate III. is reflected to F; and 
drawing from E through the centre C the ca- 
thetus EH; in H is, the point, in which the 
point E appears. The incident ray F D is re- 


flected to E; and drawing from F through the 
centre the cathetus of incidence FG; G is the 


point, in which the point F appears. And thus 
GH is the reverſed image of EF, and appears 


hovering between the he + and centre of the 


ſpeculum in the free air. 0 
F. 202. If the rays of light, falling from an 


object through a tranſparent medium, are ſo re- 


fracted through it, that the angle, which they 
form in the eye, is greater than the angle, under 
which the unrefracted rays unite in the eye; the 


_ appears big gger through the refracting 


matter 
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matter or medium, than without it, ſo the object | 
in both caſes has the ſame diſtance from the eye, 


$. 194. | 
No this may hats fall the rays of light 


cling through a plain or a convex ſurface. By 


the plain ſurface the image of the object is en- 
larged, when the eye is in a rarer matter than 


the object to be viewed. Suppoſe as well the 
object AB, fig. 12. Plate III. as alſo the eye at 


G to be in free air. So that the object AB will 
appear under the angle AGB, where the rays 


A and BG fall into the eye. But if the object 
AB lies in water, or in other fluid, tranſparent 


or denſer media than the air, in which the eye 


is; the object appears under the greater angle 


AG C. For the oblique ray BE is refracted in 
the exit at E from the perpendicular EF, S. 164. 
And therefore the eye ſees the extremity B along 


the line GE C, $. 186. and conſequently the 


object under the angle AGC. 
And ſo the ſun has an elliptical form, when 


| juſt going under the horizon. The horizontal 


refractions, which are the greateſt of all, then 
raiſe his under limb much higher than the up- 
per, and make the perpendicular diameter, com- 


pared with the horizontal, which is not thus af- 
fected, the ſmaller. And hence ariſes the ellip- 


tical figure. But it is ſomewhat exceeding rare, 


thus to ſee the ſun's diſk a few degrees above 
the 
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the horizon. Which ariſes hence, that the re 
fractions a little above the horizon decreaſe very 
quick up to the zenith. Yet M. Mairan on 
June 28, 1733, obſerved the ſun at the height 
of about 10 degrees very diſtinctly of an elliptick 
form, as he relates this obſervation in the me- 
moires for the year 1733. And thus there was 
then in the atmoſphere, at an elevation of 10 
degrees, a refracting matter of an intenſeneſs 
and quantity unuſual, near the horizon. 

The tranſparent matters, with convex ſur- 
faces, are in regard to their ſpecies, either fluid 
as water; or ſolid, as glaſs: And in regard to 


their figure, either ſpherical or lenticular. How ¾ 


and wherefore objects appear bigger through 
theſe matters, than when ſeen without them at 
an equal diſtance, we may explain as follows. 
If the eye in F, fig. 13. Plate III. ſees the object 
MB without an interpoſing glaſs; MB appears 
under the angle MFB. But if a convex glaſs 
interpoſes between the object MB and the eye 


in ſuch a manner, as that its focus is in F, and 


conſequently falls into the eye; MB appears 


under the angle MFC, and therefore bigger. 
At the ſame time it appears, that the object MB. 


through the convex glaſs exhibits itſelf in the 
ſame poſition, in which it is ſeen without it. 
As the angle MF is equal to the angle LF E, 


apparent 


and the angle MFC to the angle LFN, fo the 
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apparent amplification of the object is always 


the ſame, be the object MB much or little diſ⸗ 


tant from the glaſs, ſo only the diſtance itſelf ia 


no hindrance to the viſibility. But MB, as 


the diameter of the real magnitude is to MC, 


the diameter of the apparent, or the magni- 
tude appearing through the glaſs, as LF the 
diſtance of the eye, or focus from the glaſs, to 
FM the diſtance of the eye, or focus from the 
object. For as the curvity LN differs inconſi- 


derably from a right line, ſo LN is parallel to 
MB. But both theſe lines are alſo mutually 


equal. By the doctrine of triangles, in which 


a line is drawn parallel to the baſe, LN, and 
conſequently MB, is to MC, as FL to FM. 


If you uſe glaſs lenſes, or glaſs ſpherules for 


viewing a ſmall and near object; ſuch lenſes and 
| ſpherules are called magnifying glaſſes. If a mag- 


nifying glaſs conſiſts of a ſingle lens, or a fingle 


ſpherule; it is called Angle. The objects to be 
viewed are put either in the focus, when the 


viewing eye is ſound, and conſequently capable 


of ſeeing diſtinctly as well far off as near at 
hand; or between the focus and the lens, if the 


eye diſtinguiſhes near objects diſtinctly. The 
eye at G, fig. 14. Plate III. is by far nearer the 
lens, than the object AB. If the object lies in 
the focus; a ſound eye ſees it not only under a 


greater image, * alſo in full diſtinctneſs. But 
if 
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if you remove the lens, the object appears un- 


diſtinct to the eye, ſo eye and object continue 
fixed in the former poſition. But if you remove 


the object eight inches diſtant from the eye, it 


again appears thereto as diſtinctly, as when laid 


in the focus, and the lens were between it and 
the eye. The diameter of the object lying in 


the focus you may call AB, and the diameter 


of the magnified image IK, the diſtance of the 


focus FC, and that of the image FH. As the 
diameter AB is parallel to the diameter IK; ſo 


by the doctrine of triangles, in which a line is 


drawn parallel to the baſe, AB is to IK, as FC 


to FH, As the diameter IK of the image ap- 
pears as diſtin, as the object, when viewed by 


the eye without the lens at a diſtance of eight 
inches; ſo the diſtance F H, at which the object 
is ſeen, is to be deemed equal to eight inches. 


As many times therefore as the diſtance FC of 


the focus is contained in FH the diſtance of 


eight inches, ſo many times is the diameter AB 


of the object contained in the diameter IK of 


the image. And thus if the focus falls an inch 
diſtant from the lens, the diameter of the ob- 
ject appears through the lens eight times big- 
ger than without the lens. If therefore the diſ- 


tance of the focus were 4 inch, the diameter f 


the object would appear 80 times greater, 
OE 2-1 
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R the rays K F and NF, fig. 13. Plate III. 


which are concentred from the object OC by 


the lens K LN into the focus F, proceed farther 
from it, and fall on a white wall in a darkened 
room; they exhibit the object inverted thereon. 
If the object, ſtanding or lying in the focus, is 
by means of a convex glaſs enlightened by the 
rays of the ſun; its image may be viewed diſ- 


tinct and magnified on the wall. Its diameter 


to that of the object in the focus, is as the diſ- 


tance of the wall from the magnifying lens to 


the diſtance of its focus. Theſe ſorts of magni- 


fying-glaſſes are called ſolar microſcopes. 
If the image CO, fig. 13. Plate HI. comes 


into the focus of another lens; it appears in' 
the eye inverted behind it, and bigger than the 
image, formed in the eye, on viewing the object 


by a ſingle lens. The lens, which immediately 
receives the rays from the object, is called the 


object. glaſs; and the lens, through which the eye 
ſees, the eye-glaſs, or eye- lens. From a combi- 
nation of lenſes, in which the image behind the 
focus of the one comes into the focus of the 
other, ariſe compound magnifying-glaſſes, in 
as far as near objects may be viewed thereby. 
How ſuch magnifying glaſſes are to be executed 


and uſed, baron Wolſius gives particular direc- 


tions in his Element. Dioptr. F. 439. eld. and 


Mr. Hertel in his Inſtructions for grind; "g glaſſes, 
Vor. J. 8 I Zh 3 
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ſhews, by means of a micrometer how to mea- 
ſure the diameter, magnified by the microſcope; 
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p. 136. ſeqq. Then p. 150. egg. Mr. Herrel 


or to diſcover, how much the diameter is ampli- 
fied by the magnifying-glaſs. | 

In like manner, from the combination of ob- 
ject and eye-lenſes, teleſcopes ariſe, whereby ob- 
jets, undiſtinguiſhable on account of their dif- 
tance, become diſtinguiſhable to the eye, and 


appear to be brought nigh; ſuch a teleſcope. is 
called aſtronomical, when put together of one 


convex object glaſs, and one convex eye-glaſs 
only. It exhibits the object inverted. For, the 
object-glaſs CB, fig. 7. Plate IV. is ſo covered, 


that the perpendicular incident ray AB goes ] 
through its middle; whereas the ray-cA, which | 
comes from the one extremity of the object, in- 
terſects the ray 5 A at A in the focus, and falls 


on the lens CB at C under an oblique angle. 
By the refraction, therefore, it is behind the 
glaſs parallc] with BKFI, and in the eye-glaſs 
at E. ſo refracted, as at G to come into its focus. 
And thus the eye in G ſees the extremity c, 
which without glaſſes appears to it to the right, 
along the line G E, $. 186. and conſequently 


to the left, and therefore the object inverted. 


Hereby the image of the diſtant obje& is ſo 
magnified, that the ſemidiameter of the object, 


fa with the naked eye, is to the ſemidiameter 


„ ſeen 
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ſeen through the teleſcope, as the focal diſtance 


IF of the eye-glaſs, to the focal diſtance AB of 
the object- glaſs. The demonſtration of this 


baron _ 1 8 in his Elementa. Dioptr. F. 
3 5 8. EN 
Inſtead of obje&-glaſſes Dr. James Gregory, 
and Sir J. Newton, have taught to uſe metalline 
cConcave ſpecula. Such teleſpopts are far ſhorter 
than the others, and magnify quite as well. In 
the Gregorian teleſcope the eye-glaſs is inſerted 
lengthwiſe at one end of the tube, but in the 
Newtonian at the ſide thereof. 


In order to have the object, to be viewed by a 
| teleſcope, which is put together of convex lenſes 


only, to appear in that ſituation, in which it 
would appear to the naked eye; four convex 
lenſes are ſo combined together, that the ray 
aQA, fig. 8. Plate IV. incident from the one 
end of the object and croſſing the axis I in the 
focus Q, falls on the lens AB under an oblique 
angle; and after refraction runs parallel with 
the axis IL behind the lens AB on the other 
CL; by the refraction it is brought on the third 
EF at F under an oblique angle; from which 
in a parallel direction with the axis NO, it 
comes on the fourth GH; and from this ar 
length it is refracted into the focus P. For 
| thus, the extremity à is ſeen to the right along 
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the line PH, and conſequently alſo ſeen through 


the teleſcope to the right. Such teleſcopes are 
called terreſtrial, as being fitter to view diſtant 


objects on the earth with, than the aſtronomical.” 
$. 203. If an object appears by refracted rays 
under a leſs angle, than without, it appears 
ſmaller through the refracting matter or medi- 
um, than if viewed at a like diſtance with the 


naked eye, 5. 194. end boy 
The ſurfaces, through which objects appear 
ſmaller to the eye, are only of two ſorts, plain 


and concave. The plain diminiſh the image, if 


the rays from the object are refracted out of a 
rarer into a denſer medium, and therein come 


into the eye. Suppoſe the object A B, fig. 9. 
Plate IV. to be in air, and the eye at F in water. 
Were the eye in like manner in air, it would ſee 


AB under the angle AFB. But being in wa- 
ter, the ray BG at the ingreſs into the denſer 
medium is refracted towards the perpendicular, 


$. 164. and therefore paſſes by the eye. But if 
the ray BD is in like manner refracted at D to- 


wards the perpendicular, it comes into the eye 


at F. So that it ſees the extremity B along the 


ray F DC, and conſequently the object under 
tae ſmaller angle AFC. | 


How an object appears ſmaller mh 7 a 


concave Aſa 0A be underſtood By fig. 5. 
| | Plate 
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Plate IV. Suppoſe the eye to be in 2. If it 
views the object AF without an interpoſing 
concave glaſs, the diameter appears under the 
angle Ax F. But if the concave glaſs be con- 
veyed between the eye and object; the ray En 


is refracted from the eye, F. 164. Whereas the / 
ray FH by the refraction comes into the eye 


at 1. Now the diameter of the object is ſeen 
along the axis and the line 260, and conſe- 
ee under the ſmaller angle Ax O. 
A teleſcope, which is put together of a convex 
b | 8 lens, and a concave eye- lens, is called a 
4 Dutch or Galilean tube. The reaſon of tlie firſt 
a appellation is, that it was firſt known and con- 
ſtructed in Holland: But of the ſecond, that Ga- 
lileo was the firſt who deſcribed the obſervations. 
he made therewith. Objects appear through it 
in the very ſame poſition, in which they appear 
to the naked eye. For, though the ray, pro- 
ceeding from the extremity of the object to the 
right, falls on the convex lens to the left, and 
after refraction runs parallel with the axis; yet 
in the concave lens it is fo refracted from the 
axis, that the image of the extremity to the 
right: is ſeen along a line, which runs to the 
right. .And though the concave lens diminiſhes 
the image of the object; yet on account of the 
combination with the convex objeCt-lens it is 
magnified, But the diameter, which appears in 
1 5 
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the eye aan ſuch a teleſcope, 1 is to the diame- 


ter, which is imaged in the eye with it, as the 


diſtance of the imaginary or virtual focus of the 


concave lens, to the diſtance of the real focus of 
the convex lens. A diſtinct demonſtration of 


this you find in baron HWolfius's Elements mm 
S. 340. 


§. 204. If As 8 glaſs conſiſts Oy e 


plain ſurfaces, which are ſo united, that the | 
glaſs has ſeveral angles, it is called a polyedron, 
or multiplying glaſs. So many angles as it has, 
ſo often an object, viewed therein, appears. 
Suppoſe there are three ſides, G A, AB, BF, 


fig. 10, Plate IV. and in C a ſtar. From the 


ſtar rays fall on each ſide, which are refracted 
by each ſide towards the eye O., So that it ſees 
the ſtar along the lines OHC, OKC and OI C, 


§. 186. and conſequently three times. As the 
Aides or ſurfaces are plain, and the rays fall out 
of air into glaſs, and again out of glaſs into air; 


ſo the object appears neither bigger nor ſmaller | 


than it is ſeen with the naked eye at a like diſ- 
tance. But if a glaſs, plain on both ſides, has 
ſmall grooves or pits on one ſurface; it is called 
a polyoptren, and repreſents, indeed, an object in 
like manner multiplied, but on account of the 
concave lenſes, ſmaller _ it en to che 


naked eye. 


8 
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g. 205. The combinations made of mirrours 


and "lenſes are called catadioptrick machines. 
To which claſs belong the Gregorian and News 
tonian teleſcopes, the Newtonian reflecting mag- 


nifying glaſs, the polemoſcopium, the hydro- | 


mantick veſſel, the magick lantern, and the he- 


lioſcopium. The preparation of theſe inſtru- 


ments baron oh directe in nt Wann Di- 
Nene C. 8. 5 oy 8 


0 H AP. VI. 
Of the Nature of 1 


8. ad} 'N Py * as light 1 conſidered as 2 
ſpecies of matter, $. 144. it muſt 


either flow from the ſun and other luminous 
bodies; or conſtantly exiſt in the * between 
the ſun and the ſtars. 2 

S. 207. Newton holds it for an efflux of a 
matter from the ſun and other luminous bodies. 
But this opinion, for the following reaſons, is 
unmaintainable. The action of light from the 


ſun to the earth is compleated in a ſpace of 
ſeven or eight minutes. For, the ſun 8, fig. 1. 
Plate V. being between the earth T and Jupiter 


I; "The light comes from the firſt fatellite of Ju- 
8 4 Piter, 


\ 

\ 
* 
L 
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piter after its emerſion out of his ſnadow, almoſt 
15 minutes later to the earth, than when the 
earth T is between the ſun S and jupiter I. In 


the firſt caſe, the earth is by the whole diameter 


of its orbit more diſtant from jupiter; and in 
the ſecond, by that whole diameter nearer 
thereto. And thus if light finiſhes its action in 


156 minutes through a way, which is equal to 


the entire diameter of the earth's orbit; we muſt 


allow for the time of this action, through the 


ſpace from the ſun to the earth, the ſemidia- 


meter of the earth's orbit, between ſeven or 
eight minutes. But the diſtance of the earth 


from the ſun amounts to 22000 ſemidiameters 


of the earth. As difficult as it is to conceive 


that a real matter ſhould ſtream through ſo diſ- 
rant a ſpace in ſo ſhort a time; juſt ſo difficult 
is it to comprehend, how the rays of light, 
which are deemed to be actual matter in mo- 
tion, ſhould not obſtruct, reſtrain and intangle 
each other in their motion; when in ſo great a 
degree of velocity they either run againſt, or 
croſs each other in a narrow aperture, F. 147. 


Did the rays of light, as an actual matter, move 


to quick; tranſparent bodies could have no co- 
heſion in their parts, and conſequently not con- 
lift, For inſtance, a glaſs is tranſparent in all 
its ſides, parts and -points. If therefore, the 


tranſparency of bodies aroſe hence; viz. that 
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the matter of light flowed in right lines through 
every point; there could not be the ſmalleſt 
particle in the whole glaſs, throu gh which there 
would not be a rectilinear way open to the 
others. And then how ſhould. theſe parts in 
any manner touch each other, or hang together? 
F. 208. With theſe reflections profeſſor Euler 
in his Nova Theoria. lucis & colorum, -combats — 
Newton's notion; and on the contrary, explains 
the nature of light by a motion, propagated 
through a ſubtle matter, which fills up the mun- 
dane ſpace. between. the ſtars, and is otherwiſe- 
called tber. When in the definition, $. 144: 
I called light a matter, I at the ſame time hint- 
ed, that ſometimes motion was thereby under- 
ſtood: And hence it is evident, that in the 
main I depart not from profeſſor Euler: And 
if thus I now ſpeak of the nature of light, the 
_ enquiry regards the ſubtle matter, which pro- 
feſſor Euler ſays, light is propagated by. New- 

ton wanted to exclude all matter, how ſubtle 
ſoever, from the mundane ſpace. The reaſon 
was, his apprehending, the planets and comets 
might be retarded in their motion by ſuch a 
matter. But what Newton apprehended from 
the mundane ſpace being full, or a plenum, 

he could not avoid by his own opinion about 
light. For, if light be a matter flowing from 
the ſun and fixed ſtars; the mundane ſpace muſt 
needs 
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needs be filled therewith, and conſequently the 
motion of the planets gradually weakened. The 
Newtonians, indeed, give out the reſiſtance, 
which: the-planets meet with in the ſtreaming 
rays of light, for ſo inconſiderable, that the ef- 
fect thereof would become obſervable only in a 
long tract of time. But by this very limitation 
they give to underſtand, they no longer combat 
the oppoſite opinion: For, ſo fine or ſubtle ſo- 
ever their ſtreaming rays are, fo ſubtle alſo is 
the æther, or the pure celeſtial air. 
F. 209. Deſcartes in his Principia Philoſophie, 
P. HI. §. 55. 63, 64. filled the mundane ſpace 
with the perfectly hard globules of his ſecond 
element, in which one globule is ever in the 
cloſeſt contact with another; and he afcribes to 
them the force and action of light thus, that 
thoſe, lying at the ſun and fixed ſtars, are pro- 
pelled from theſe laſt; and that the motions im- 
preſſed on the firſt globules are propagated by 
the others in right lines to the greateſt diſtances. 
Had Deſcartes known, that it takes ſeven or eight 
minutes, ere the pulſe or puſh of the ſun on the 
globules, contiguous thereto, could be cartied 
through a whole row quite to the earth, he 


would have deviſed certain void interſtices be- 


tween his globules. For in this manner, a glo- 
bule» would have always required a ſpace of 
time, in order to come through ſuch an inter- 
ſtice 
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ſtice to the other. But notwithſtanding ü, 
we could not explain from deviſing theſe glo- 
bules, how it were poſſible, for the motion of 
light to diffuſe itſelf equally ſtrong every way 
in right lines. For, the globules muſt have 


motion was to be propagated, ſhould paſs thro? 


the centres of the globules. | But this i is not poſ- 


fible. 


$: 210. We ſee Ade clientbie S 
with profeſſor Euler to hold light, or the matter 


of light, when taken for a ſpecies of motion, for 
a fluid and elaſtick matter, diffuſed through the 
whole mundane {| pace. In Newton's Principia, 
1. 2. propoſ. 42. we have an objection, which 
deſerves to be examined. If a ſound, ſays he, 


| forces through a window i into a room, it may be 


heard in every corner thereof. It ſhould thus 
appear, it was propagated every way from the 
place of the window, where it comes in at, by 
the air, as an elaſtick matter. On the contrary, 
a ray of light, admitted through a narrow hole 
into a dark room, takes one ſingle way only, 
| producing light in one ſingle right hne. But it 


is a "miſtake, that ſound diffuſes "Irſelf every Ways 


after having forced through a ſingle opening into 


the room. So ſoon as it is excited before the | 


window, it forces not only through the opening 
made, but alſo through every other part of the 


wall, „ 


had a poſition, that the right lines, in which the 
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wall, which admits it through juſt as well, as 


the parts of a glaſs, through which light acts. 


$. 211. How light, or æther, is put into mo- 
tion, may be explained as follows according to 
Euler: Take a body EAF, fig. 2. Plate V. 


which vibrates in the manner of a ſtring, and 


faſtened at E and F, ſtretch it to A. From 


A to O ſuppoſe an elaſtick matter to lie in a 


right line, in which all the parts are in equili- 
brio, none being either denſer or rarer than the 


other. If the ſtretched body be left to its own 


force, it ſwings out to EA F, and drives the 
matter from A to a. But hereby the parts, that 
lie out above a, are brought cloſer together, or 
made denſer. The particle à is denſeſt of all. 
From a forwards the denſity continues ever de- 
creaſing. Suppoſe the vibration to extend its 
effect to B only. And thus from B to.O all 


the parts remain in their natural denſity and 


elaſticity. As the particle a, on account of its 
greater denſity, is more elaſtick than the reſt; 

ſo it muſt expand itſelf towards O, and hereby 
bring the following cloſer together, continue the 


firing in its poſition Ea F; or turn it back to- 


wards A. If a expands itſelf towards O, its 
denſity continues gradually decreaſing, till it 


again acquires its former natural denſity, But 


as @ begins to expand, ſo B, which before was 


in its ſtate of natural denſity, is as well com- 


preſſed; 
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preſſed, as alſo expelled its place. Suppoſe it 
carried to ; and thus i in bi is the greateſt com- 


preſſion. ' But at the ſame time alſo the particles | 


lying out above 5, are put out of their ſtate of 


natural denſity. Suppoſe this change to ceaſe 
in C, and the denſity there to be in its natural 


ſtate. But if the particle à, on account of its 


encreaſed elaſticity, expands itſelf, the particle 
C will be expelled its place; which ſuppoſe 
come to c. And in this manner the particles 


from c to D will be made denſer. The particle 


c in like manner expands itſelf by means of its 
oreater elaſticity, And hereby D is expelled its 


place. In this manner the expanſion ever pro- 


ceeds farther on, and comes at length to the li- 


mits O. And thus it is hence clear, that the 
ſtrongeſt compreſſion, made by the vibration of 
the ſtring in the particle a, is ever gradually 

propagated farther along the line AO. So long 


as this propagation continues, one part is ever 


more compreſſed and elaſtick than another. 
But as the parts of the line forwards from & ca 
C are put out of their natural denſity; ſo the 


very ſame thing happens to the parts backwards 


from 5 to B, ſo they are not compreſſed by a 
new vibration of the ſtring. Such a change, in 
which a part of an elaſtick matter is moved out 
of its place, and at the ſame time made denſer, 
is called by Euler a pulſe or ſtroke. 


5. 


"< {> % 


269 


— 


Of FLUID BODIES. 


1 212, The denſity of light or æther, is ſo 
inconſiderable, that the reſiſtence, which the 
planets undergo thereby in their courſe, remains 
unobſervable for years together. How little the 
motion of the planets is thereby retarded, pro- 
feſſor Euler in his diſſertation de relaxatione motus 
planetarum, has examined and calculated. At 
the ſame time he there ſhews, how æther is to 


be deemed rarer than air 400,000,000 times. 


5. 213. The fineneſs or ſubtlety of the parti- 
cles of light gives us to underſtand, that the 
parts of the ſun's ſurface muſt be highly ſubtle. 
Otherwiſe they would be incapable to puſh the 
Inconceivably ſmall parts of light. 

$. 214. As the action of the ſun on light” is 
inceſſantly laſting, the parts of its ſurface muſt 


be in a continual motion: So that they conſtantly 


produce one ſtroke after another in ſucceſſion, 
and thus move to and fro. This happens with 
fo great a degree of velocity, that the effect 
thereof extends in eight minutes over a ſpace of 
22000 ſemidiameters of the earth. The parts 
therefore of the ſun's ſurface muſt be in a vio- 
lent vibrating motion. For a vibratory tremor 
is aſcribed to a body, when moving to and fro 
ſo quick, that both motions are ſearch diſtin- 
* guiſhable by the eye. 

$. 215. A body, whoſe parts put light 3 into 
motion, is called luminous. Now as the fun 


would 
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would not be luminous, were not the parts of its 
ſurface highly ſubtle, and endued with a violent 
tremulous motion; fo all luminous bodies muſt 
conſiſt either all over of ſuch parts; or at leaſt 


| have ſurfaces, whoſe parts are of this diſpoſition. | 


Of the firſt ſpecies is flame; of the ſecond, glow- 
ing bodies, and other luminous matters, as rot- 
ten wood, glow-worms, « certain egg the 
dactyli. 
§. 216. As light Wa WER oy 10 pulle 
or ſtroke, which the violently tremulous parts 
of a luminous body excite therein, $. 211, 214. 


So rays of light ariſe, F. 144. when ſuch pulſes - 


are propagated in right lines by the light or 
æther. And thus the denſity of the rays con- 


ſiſts, in that in a determinate ſpace a greater 


number of lines with ſuch pulſes. concurs than 


in another of a like magnitude. The power or 
intenſeneſs of light, §. 146. in the focus of a 


concave ſpeculum, or burning-glaſs, -$. 156, 


177. ariſes therefore hence, that in the ſmall 
ſpace, which the focus takes up, juſt as many 
pulſes concur, as are in the large ſpace at the 
ſurface of the concave ſpeculum, or . 
glaſs. 

$. 217. If any one ſhall hold the rays of light 
for matters, that flow from the luminous body; 
this objection lies againſt him, that theſe matters 
muſt hinder each other in their motion, either 


when 


7 
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when they- run againſt, or croſs each other, 


$. 207. The explication now given, ſeems ſub- 
ject to a like difficulty. Might not what are 
called pulſes or ſtrokes, F. 211. in like manner 
hinder each other, when either running againſt 


each other; or propagated in lines, that croſs or 


interſect? But the experiments, which are made 
with elaſtick bodies, ſhew very diſtinctly, that 
in ſuch pulſes or ſtrokes we have no ſuch. i impe- 
diment to apprehend, F. 86. 88. go. 

F. 218. As light is a fluid and inviſible mat- 
ter, F. 144. and in the focus of a concave ſpecu- 
tum and burning glaſs ſets combuſtible matters 


on fire, and melts other fixed bodies; ſo it 


ſhould appear to be a fire, F. 121. This how 


ever admits not of a full degree of certainty. 


For, tho' bodies lying in the focus are expand- 
ed, when the power of light acts upon them 


there; yet it ſtill remains unknown, whether 


this expanſion ariſes from the ſpace, which a 
body melted in the focus occupies, having by 
the light acquired a greater maſs? A body may 


be expanded by its own proper fire, which is 
united with all its parts, when it is put in mo- 
tion. 


And this may happen by rubbing only, 
without a fire from without, needing to force 
into the body, §. 128. Perhaps, the light in 
the focus does nothing more on fixed and fluid 
matters, than by the number and intenſeneſs of 


its 
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its ſtrokes, f. 211. to rouſe the fire impriſoned 
in theſe matters. Du Cloſs put a pound of re- 
gulus of antimony, ſtamped to a powder, into 
an earthen veſſel in the focus of a concave ſpe- 


culum. This powder gave forth a whitiſh and 


thick fume, and in am hour's time was turned 
as it were to an aſh, and encreaſed about a 
tenth of its former weight. From this *tis con- 
cluded, that the rays of the ſun, like the fire 
lying concealed in bodies, whereby in like man- 
ner their weight is encreaſed, have a certain de- 
gree of gravity with them. Were this the caſe, 
we ſhould have ſufficient reaſon to deem light 


a fire. But it is not yet put out of all diſpute, 


that fire, by its maſs and matter gives any ad- 
ditional weight to bodies. Perhaps, by its vio- 
lent motion it only opens ways into minerals, 
by which a certain heavy matter forces into the 
ſmelted bodies, and blends itſelf with them. 


M. Gmelin has made an enquiry into this matter, 
which he has publiſhed in the Commentarii Pe- 


tropolitani, T. V. p. 263. ſeqq. 
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CHAP VU. 
17 Of the Colours of LIGHT. 


= 122 4. 219 I a ray of light is admitted chrough a 
round narrow opening into a dark- 

"A room, it forms on the wall a white circle. 
But if on Irs way i in the dark room, before it 
reaches the wall, it is intercepted by a triangular 
glafs prifm;/ in paſſing through this laſt it is 
parted into a number of rays, which differ from 
each other as well in the manner of their refrac- | 
"tion, as alſo in colour. The' experiments, by | 
which Newton attained to this diſcovery, he de- 
ſeribes in his opticks. The principal rays, 
hich are moſt diſtinguiſhable from each other, 
ure in number ſeven, The ſpace PT, fig. 3. | 
-Plate V. which the rays ſeparated by the priſm, 
illuminate on the wall with their colours, is ob- 
long, and at both extremities of its length round, 
The colours appear in circles, which all together | 
have equal diameters, but loſe themſelves in, or 
run into cach other. The ray P has the greateſt 
refraction, and exhibits a violet-coloured circle 
A. The ray T undergoes the leaſt refraction, 
and forms a red circle G, Above the red circle 
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a ſulphur or citron yellow E; above E, a green 
D; above D, a bright or ſky colour C; above 
C, a dark blue, or purple colour B. 

$. 220. The reaſon of the difference of the 
colours and refractions is by no means in the 
priſm itſelf. For, none of the ſeven rays admit 
any change, by a new refraction, either in colour 
or in the manner of refraction. So diſpoſe a 
ſtand, that a white paper faſtened thereon, may 
be raiſed and lowered; with an incifion behind 


it in the {tand, in which a ſhutter may move up 


and down. If you let one of the ſeven colours, 
diſtinguiſhable on the white paper, fall through 


the inciſion on a priſm placed behind; it will, 


indeed, in its ingreſs and egreſs be refracted, but 
- enlighten the white wall ſtanding behind it with 
the very ſame colour, with which before the 


ſecond refraction, it was diſtinguiſhable to the 


eye. If all the ſeven rays, one after another, be 
ſuffered to paſs through the ſmall opening in 
the ſtand, and the ſecond priſm, and you give 
| heed to the quantity of their refraction among 


themſelves; you find, that the violet ray, juſt as 


behind the firſt priſm, is moſt refracted; and 


the red, leaſt. If all the rays, which in going 


out of the priſm part aſunder, are collected by a 
burning glaſs; they form in the focus on a white 
paper a bright point or ſpot. But if you move 

1 | T 2 the 
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G ſtands a gold, or orange yellow F; above F, 
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. the paper farther from the focus, that the rays, 
collected therein, may again part aſunder; the 
Ls ſeven colours come again to view on the white 
paper. They ſtand, indeed, in inverted order; 
as having been ſo refracted by the burning-glaſs, 
that the uppermoſt ray appears undermoſt; and 
the undermoſt, uppermoſt. - But yet they follow 
each. other in the very ſame order they obſerve 
| on among themſelves, when collected by no glaſs 
- behind the priſm. If we view the rays, collected 
in the focus through another priſm, we diſtin- 
guiſh by its refraction in like manner all the ſe- 
ven colours. They may even be diſtinguiſhed 
through a priſm, when collected in the focus of 
a concave ſpeculum. 
F. 221. And therefore one Sue of rays muſt 3 
ever have more or leſs force than another. The 
greateſt is in the red, as it admits the leaſt de- 
gree of refraction. And then the query is, 
whence the degree of force or intenſeneſs might 
ariſe? Either the parts of light muſt differ in 
denſity from each other; or the number of the. 
ſtrokes following upon each other, §. 211. be 
greater in one ray of light in an equal time than 
in another. The firſt ſeems repugnant to the 
nature of an elaſtick fluid matter. For, ſup- 
poſing one part denſer than another, it would 
by its intenſer degree of elaſticity ſo expand it- 
elf againſt the rarer, as ſoon to become of equal 
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| denſity. And thus it is more probable, that one 
ray. of light has a greater degree of intenſeneſs 


are propagated in both, in the one more follow 


upon each other than in the other. Take, for 


inſtance, two lines ABC and DE FG, fig. 4. 
Plate V. each of which is two inches long. 


Suppoſe from A to B one inch, and in like 


manner from D to F one inch. In both ſup- 
poſe a ſtroke to ariſe at the ſame time. The 


ſtroke at A in a ſecond to reach to B; and the 


ſtroke at D, in a ſecond to F. And thus in 
equal times both may perform an equal way. 


In the firſt line reach the ſtroke in a ſecond to 


B; a new one may take riſe at A. On the con- 
trary in the ſecond line a new ſtroke at D may 
ariſe, when the firſt ſtroke of this line is in half 


a ſecond in E. From D to E may be half an 
inch. So that the intervals between two ſtrokes 
in the firſt line are greater; and in the ſecond 


leſs. But the following ſtroke may be ſo quick, 


as the preceeding. At the end of the ſecond 8 


line at G the ſtrokes come thus quicker on each 
other, than at the end of the firſt line at C. 
Now if the ſaid intervals be ſo ſmall, that the 
following ſtroke acts on its next preceeding; the 


preceeding will neceſſarily be heightened. And 
though thus the firſt ſtroke ariſen at A comes 
in the very fame time to the point C, in which 


T2. tho 
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. Ihe firſt ſtroke excited at C reaches tlie point G; 
yet the power of the ſtroke i in G is greater than | 
the power or intenſity of the ſtroke in C. 


$. 222. The red ray therefore is che leaſt; 


, the violet, the moſt refracted: As in that | 


the ſtrokes follow on each other the quickeſt 5 
and in this the ſloweſt. 


9. 223. If therefore hy lah or ther is every 
where of equal denſity in its parts, the difference 
of colour in the refracted rays may thence be 
accounted for; viz. that one ray of light conſiſts 


of a greater number of ſtrokes than another: 


And thus, for inſtance, the rays called red, oftner 
touch and ſtrike the eye, then in an equal time 
it is touched by thoſe called violet rays. And 


rhus colours are properly nothing elſe but mo- 
tions, excited in the eye by the ſtriking light. 


C 224. The tremulous motions of the move- | 
able parts of a luminous body, from which the 


ſtrokes in the light have their riſe, muſt there- 
fore be ununiform or variable: Whether it be, 
that each part vibrates now quicker, again 
flower: Or, that in each point are ſeven parts, 


one of which has ever a different degree of ve- 


* decle from the other, but yet conſtantly retain- 


ing the velocity peculiar to it. The laſt appears 


o oder Eulen to be repugnant to the nature 
of a burning body, where the violent motion of 
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the fire allows of no ſuch uniform connection of 
the. Parts. , cue 

F. 225. If we allow. the length of the i images 
which conſiſts of the ſeven colours, F. 219. 360 
gal parts; the red colour extends to 45; the 


gold: yellow to 27; the ſulphur-yellow to 48; 
TS green to 60; the ſey-colour to 60; the pur- 


ple-colour to 40; and the violet- colour to 80 


ſuch parts. 


$. 226. The ſeven FIR 85 rays may be 


blended together in a twofold manner. You 
may produce colours, that as well reſemble ſome 
of the primitive colours, as that quite differ 
from them. But none of theſe compound co- 
lours, in the manner of the primitive is un- 
changeable, when either made to fall, or when 
viewed through a priſm. Thus the mixture of 
the red and ſulphur- yellow colours gives a gold- 


yellow, which differs in nothing from the primi- 


tive gold-yellow. From the mixture of the 
fulphur-yellow, green and ſky- colour, or azure 
rays ariſes a green colour, which differs. den 
what from the re e ue Ne 
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Ea H AP. 1. 
of the Properties of QuicksIIVER. 


8. 227. . or mercury, is 


| a fluid matter, whoſe ſpecifick gra- 
vity is to that of water without air as 14019 to 
1000, and conſequently about as 14 to 1. 
And hence on putting the hydroſtatical fork, - 
fig. 6. Plate XIV. with the one leg AB into a 
veſſel of quickſilver, and with the other CD 


into a veſſel of water, and pulling up the piſton 


E; the water in CD, by the preſſure of the air, 
will be forced up 14 times as high as the quick- 
filver in AB. Quickſilver is commonly found 


in the mines mixed up with ſulphur, or with a 


loamy and ſtony matter. But at times it is 
found actually running, and then by way of 


diſtinction called virgin mercury. As it wets not 


ſeveral things that come in contact with it, it is 
called by ſome aqua Sicca. 


. 228. There has not to this day any BOY 
of cold been known, by which quickſilver has 
loſt its fluidity. As the French academicians 
who meaſured a degree of the meridian at the 
polar circle, were in the month of January in 


1737 at Tornea; the eold was fo intenſe, that the ; 
ſpirit of wine in the thermometer was froze; as 


M. Maupertuis relates in his book on the figure 


of the earth: Whereas, the mercury continued 


fluid. In Reaumur's mercurial thermometer, in 


which in the cold winter of 1709, the mercury 


at Paris ſtood 14 degrees under the freezing- 


point, at Tornea it fell quite to 37 degrees. A 
ſtill ſeverer degree of cold profeſſor Gmelin men- 


tions in the firſt part of his travels to Siberia. 
As on December 6, 1734, in the town Jeniſeiſt 
he obſerved the depth of the quickſilver in the 
thermometers, he found it 120 degrees accord- 
ing to Fabrenbeit's von, 1. 12 35 n. 1. Rig 
the mark O, which in De rmom 


nerme 


make 277 degrees, F. 126. And notw ithſtand- 


ing, it continued fluid. 

| $. 229. By fire mercury reſolves into a ſubtle 
fume, which conſiſts of ſmall globules, that are 
quickſilver ſtill; as experience ſhews, on catch- 
ing the fume with wet leather. But the degree 


of heat, whereby quickſilyer i is volatilized; muſt - 
be greater than Oy in in water boils, 8. 
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5. 230. If wrapt up in linen, and held over 
g lead, it turns fixed, ſo as to bear rub- 


bing. This change is called its calcination. As 


from the lead in ſmelting, nothing but fume 


goes off: Dr. Neuman. im his Chymiftry, T. I. 
P. I F.6. c. 3. F. 10. holds the fume ariſing 


from the lead for the cauſe of this calcination z 
as forcing in between the parts of the quickſilver 
and adhering to them, and thereby ſtrengthen- 
ing their mutual coheſion. In like manner, $. 
11. he ſhews how quickſilver is turned to a 
black calx, on mixing three parts thereof with 
one of melted ſulphur. And if the parts of the 
ſalphur be ſtirred among the quickſilver; they 
coat over the ſurfaces of the ſubtle particles of 
the quickſilver. If therefore theſe involving 


particles of ſulphur are fixed and hardened by 


the cold; a matter ariſes which mar, be rubbed. 


C.H A F. U. 
Of pf Cauſe of the Fluidity of e 


SILV ER. 


8 . a . into a Aill 
narrower. ſpace, the greater the 


5. TTY 


| 4 of cold to which it is expoſed; ſo from 


| this 
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the fire, lodged between its pafticled, and Eve 
continuing to put it in motion. 
F. 232. But as it remains fluid in a degree of 
cold, in which ſpirit of wine has froze; ſo the 
| query. i is, how a degree of fire fo. weak, which 
may happen ſtill to remain in ſo violent a degree 
of cold, is capable of ſeparating the particles of 


conſtant degree of motion? It might almoſt be 
doubted, whether this ſo weak a fire could have 
ſuch an effect; as quickſilver is 14 times heaviet 


to conſider the uncommon ſubtlety of the parti: 


matter, chat a cubick inch of water does. But 


which no longer conſiſts of quickfilver particles, 
is much ſmaller and lighter than a very ſmall 


ſmall quickfilver- partiele were only the hun- 


particle; in order to move ſuch a yuickfilver 
particle, the hundredth part only of the power 


of a particle of fire would Be neceffiry, by which 


one er of water rn th be bs ok ga kom 
OWN, 


rA 


this we may perceive, that it owes its fluidity to 


quickſilver aſunder, and maintaining them in a 


and denſer than water! But in this tale we are 


cles of quickſilver. A cubick inch of guickſi- | 
ver contains, indeed, 14 times the quantiy of 


poſſibly a very ſmall partiele of quicklilyer, 


particle of water. Suppoſe the weight of a very 


dredth part of the weight of a very ſmall warer 


A 1 
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"PART VI. 


Of the 9 MATTER. 
2 H . p. i 
Of ELECTRICITY. 


$. 233. \LECTRUM or 1 nden 
' manifeſts a degree of light and of 


motion; 5 "i which, light and contiguous bodies, 


as leaf-gold, are attracted to it, and repelled 


from it. Theſe phænomena, or appearances, in 


the firſt and proper ſignification are called elec- 
tricity. But they may be alſo produced in other 
matters, as ſulphur, ſealing-wax, porcelane and 


_ glaſs. by rubbing; and communicated to other 
matters, as water and metals. For want of a 


word, by which to expreſs theſe phznomena, the 


term electricity, has had a general ſignification 
- allotted it. And thus by electricity we in gene- 
ral mean that ſtate, in which a light together 


with a motion, by which light bodies may be 
attracted and repelled, appears in a body; as in 


rubbed electrum or amber. The body itſelf, in 
this ſtate, is ſaid to be elecriſed. 


In 
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philoſophical fociety in Dantzick, P. I. M. Da- 


mel Gralath in 1747, gave a hiſtory of electrici- 
ty. At Paris in 1752, was publiſhed une Hiſ- © 


toire generale et particuliere de PElefricits in three 


parts. The experiments I myſelf made, I de- 


| ſcribed in three writings; the firſt publiſhed in 


1744; the ſecond in 1745, and the third in 
1746. The firſt entitled, Reflefions on the pro- 
perties, effefts and cauſes of Electricity. The ſe- 


cond,” The properties of the electrical matter, and 
elefirical fire. And the third, The, intenſity of the 
elettrical force of water in glaſs veſſels, diſcovered 
by Muſchenbroeck's experiment. In quoting theſe 
writings, I ſhall denote the firſt by the letter E; 
the ſecond by F; and the third by G. 


FS. 234. Electricity in ſo far as it is excited in 


a body by rubbing, is called the original and the 
proper; and the body called electrical in and of 


itſelf. But in ſo far as it ariſes in a body, with- 


| out rubbing, by the electricity of another elec-_ 


trified body, it is called the communicated and the 
propagated electricity. But this laſt in order to 


become obſervable, the body to which it is to 


be communicated, muſt reſt on a matter of it- 
| ſelf electrical; of which kind are glaſs, e 
ſilk and roſin, E. F. 28—31. ; 

By the rubbing, the parts of a body, of itſelf 
electrical, are either ſeparated aſunder; as when 


for 


In the experiments and diſfertations of the 
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16135 or, remain unſeparated; as in the caſe of 
Slaſs and porcelane. In all which we are to 
conſider partly the reciprocal motion E, F. G. ſeqq. 
F, $- 39. 48. partly the continued motion F, F. 


41. 47. The machine, which I at firſt uſed 
Vith much commodiouſneſs, ordered in the 


manner of a Turner's bench, in which a hollow | 
glaſs was turned, and rubbed on a leather 
£pſhjon, I deſcribed in the hiſtorical part of the 


writing E, Chap. II. The experiments I made 
therewith in 1743, in the preſence of the young 


princes of Saxony, Frederick Chriſtian, and Xave- 


rius, were ſeen with do much pleaſure by both, 


that electricity came to be in great vogue and 
requeſt, I after Wards found, that the electrical 
Force might be. excited with a greater, degree of ; 


intenſeneſs, on turning a hollow, and horizon- 


tally hanging glaſs- globe, by means of a wheel, 
and laying on the globe, in the act of turning, 


a hand naturally dry. Such a machine profeſſor 
Hanſen had uſed with much advantage, before I 
had thought of the turning- machine juſt men- 
tioned. The whole apparatus may be ſeen at 
the beginning of his diſſertation, publiſhed at 
Leiplict in 1743 by profeſſor Goltſched, under 


the following title, Novi profedtus in biftaria 


Elediricitatis. In order to heighten the electricity, 
I in 2745/ cauſed to be made two peculiar ma- 


chines, 


—— 


- . 8 — c 2 - 3. * gene £ 4 T : : . 7 * * ; k 8 ; \ 
- , % 1 * 


of the writing, F. c. 7. In the one, eight hol- 


low glaſſes, with their leather cuſhions, may be 


worked at once by a ſingle perſon by means of 
a leaver. Bur here too, as in the caſe of the 


ſimple turning-machine, this inconvenience of- 
fers, viz. that the glaſſes by the rubbing on che 


cuſhions, turn very ſoon too hot, whereby the 


electricity loſes of its firſt degree of intenſeneſs. 


In the other machine, where, by means of a 
ſingle wheel, four globes are turned at once, and 


| eleftrifiet by two perſons applying their hands, | 
che electricity may be kept up a long time to an 


equal pitch of intenſeneſs, when the turning is 


continued; ſo the applying the hands be ordered 


in ſuch a manner, as that the globes remain un- 
heated. With this machine in 1 746 1 repeated | 


 Muſchenbroeck*s experiment. Mr. Watſon, a fel- 


low of the Royal Society of London, in a treatiſe 


tranſlated into French in 1748, under the title, 


| Experiences & obſervations Pour ſervir a Pexplica- 


tion de la nature & des proprietts de Peleftricits, 
gives a deſcription of a new machine, where, by 
means of a wheel ſeveral glaſs globes, that rub 


on leather cuſhions, ſtuffed with hair, are worked 

at once. Inſtead of four globes, each of which 

is eight Paris inches in diameter, I uſed a ſingle 

globe, in diameter 17 Paris inches, for electrify- 

ing. But, on account of the ſize of the globe, 
2 1 5 8 two 


2 
chines, which I deſcribed in the hiſtorical part | 
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two perſons in like manner are neceſſary to lay 
their hands on it, in order ſufficiently to excite 


its electrical force. The wheel too muſt be 


turned by two men, whether you electrify with 


the large globe, or with the four. In order thus 


to be able to carry on the experiments with leſs 


expence, I generally uſe a machine, in which 


the wheel is turned by a ſingle perſon, and in 
which two globes hang, each between eight and 
nine inches in diameter, on which, when turned 
round, one perſon lays his hands. | 
F. 235. Electricity may be excited as well in 
air as in vacuo, and forces through glaſs, ſeal- 


ing - wax and pitch out of vacuum into the air, 


and out of his again into hat. The deſcription 
of the machines, with which J at firſt electrified 


in vacuo, is contained in the writing F, Chap. 


VIII. of the hiſtorical part. I afterwards uſed 
for theſe experiments the rotatory machine, de- 
ſcribed by Grave/ande in his Elementa Phyſices, | 
$. 567, and by the abbe Noljet in his Eſſai ſur 

P elefrricite des corps, p. 31, 32. and in his Leons 


de Phy, T. III. Leg. X. Experiment XIII. 


The veſſel, which is ſet over the electrifying 
machine on the plate of the air-pump, I cauſed 


to be made of copper, on account of the ſhaking : 


ariſing by the turning, On the ſide of the veſlel 
CD, fig. 7 Plate XIV. is an aperture with a 
ſere w. nut; into which a (crew 18 introduced, 


with 
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with a cemented ſmall glaſs tube; through which | 


goes a metal wire EF, faſtened with cement, at 
whoſe internal end F hang ſilver threads, which 
reach to the glaſs GH, which may be rubbed 
on a cuſhion in vacuo. If this glaſs be moved 
by means of the ſpindle IK and of a wheel, and 


rubbed ſufficiently at the cuſhion; it ſo commu- 


nicates the electricity to the metal wire, that 


leaf-gold, held under the external end of the | 
wire, is put into friſking-motions, un Gen r 


the wire ſparks come forth, on rol plas. a 
finger or metal to it. 
F. 236. If two bodies are electrified to an 


equal degree, neither will be attracted by either. 


If the one is eaſily moveable, it removes from 


the other. And if both are ſuch; both of them 


remove from each other, F. F. 1, 2, 3. 


. 237. From the angles, and points of electri- 


fied bodies luminous rays ſtream forth in diverg- 
ing lines, E. $. 56. F. $. 57. But if the electri- 
cal matters touch two equally ſtrong electrified 
points, no luminous rays appear, F. F. 5. 
9. 238. If between an electrical and an une- 

lectrical body the electrical light is ſo ſtrong, 
as to form a cylinder, which vaniſhes with 4 
crackling; it is called an -elefrical ſpark, E. F. 
63. 69, 70, 71. F. F. 14. which can ſet on fire 


all fluid matters, ſuſceptible of taking fire from 


flame; as ſpirit of wine, and the glowing wick 
Vo r. I. 5 * of 
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of an extinguiſhed wax-light, E. §. 75—79- 


Alſo the electrical rays ariſing in vacuo. have a 
kindling force, which appears on the electricity 
going out of it into air. For, letting a ſpark 
ſtrike on the metal pin AB at A, fig. 8. Plate 
XIV. and holding at the ſame time at the pin 
BC under C ſpirit of wine in a ſpoon, it wal * 


kindled by a ſpark at C. 


F. 239. The electricity is ever ſtronger, the | 


greater the maſs and matter of an electrified 
| body; the more electrifying tubes and globes act 


thereon, and the leſs the matter whereon an 


_ electrified body reſts, takes the electricity, F 


§. 43. 46. In particular, the electricity is 
heightened, if a body, ſuſceptible of receiving it 


by communication, is lodged i in a veſſel of glaſs, 


or of. the glaſs kind, filled with water, or a mats» 
ter, ſuſceptible in like manner of being electri- 
fied. If a perſon with the“ one hand holds 2 
glaſs flaſk filled with water, in which a metal 
wire lodges, that is electrified, and approaches 
one finger. of the other hand to this wire, the 


| darting electrical ſpark cauſes in the hand, and 


in other parts of the body, a violent ſhaking or 
ſhock. This experiment is called Muſchen- 
broeck's; as having been firſt attempted, and 
made publick by profeſſor Muſchenbroeck in the 
year 1746, G. F. 1. How to order this experi- 


ment, and be ſafe againſt its ef; and how, 
| not- 
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| notwithſtanding, to obſerve its force, I have cir= 

cumſtantially ſhe wn i in the hiſtorical part of the 
Vriting G. c. 2, 3, 4, 5 and 6. 

With theſe ſparks, excited by Muſchenbroeck's 
expetiment, I have this year 1754 excited two 
unexpected effects. On the 8th of January I 
ſtrewed ſeeds of lycopodium to about a quarter 
of an ounce on a plate, and let off an electrical 

ray on them, after ſufficiently electrifying water, 
mixed up with faltpetre in a number of large 
flaſks. 'For the electrifying I uſed the machine 
with two glaſs globes, and turned the wheel ſe- 4 
veral hundred times round. Over the feeds l! -_ 
conveyed a braſs ball an inch in diameter, which | I 
| had received the electricity from the water-flaſks, 
by means of a chain, which I held with a ſilken 
ſtring. So ſoon as the ball was ſo near the ſeeds, 
that between it and. the plate a ſpark might 
ariſe, an electrical ray burſt forth with a great 
ſnap, and ſet the ſeeds under the ball in a high 
mounting flame. I ſtrewed again the like ſeeds 
on the plate, and laid flax over them, which at 
its ends J faſtened with wax to the plate. 1 
cauſed again the electrical force to be excited, till 
arrived to a ſufficient degree of intenſity; and I 
conveyed the ſaid ball over the flax and ſeeds. 
The electrical ray burſting forth ſet fire to the 
ſeed, ſo that by its flame the flax catched fire all 
over. On the 13th of Junuary I laid between 
: MW.» one 
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one and two grains of aurum fulminans on the 
plate, and let off an deatrica flaſh, of the in- 
tenſeneſs I now mentioned, on the aurum fulmi- 


nans; and it was ſo reſolved by the flaſh, as to 
cauſe a loud crack, and leave behind a mounting, 


fume. I preſſed wax round the aurum fulmi- 
nans on the plate, covered over with, a ſmall 
circle of parchment, and ſecured again with wax 


on the rim, ſo that the aurum fulminans was as 


it were incloſed. So ſoon as the electrical flaſh 
went through the parchment, the action of the 
aurum fulminans was ſo ſtrong, as to tear the 
parchment in ſmall bits, and Carter them up 
and down. 


CHA = II. 
Of the e of the Eleftrical Matter. 


8. 240. HE electrical matter is proper to 


the bodies, in which electricity 
manifeſts itlelf; that is, they have it from their 
origin, and it continues united with them, ſo 
long as they laſt. For, ſo ſoon and ſo long, as 
a body, which bears being electrified by rub- 
bing, continues capable of being rubbed, the 


original electricity _ be excited i in it. In like 


manner 
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manner it may be given to a body, which ad- 
mits the electricity to be communicated to Its 
ſo long as it continues a body, . 
As bodies, which are of themſelves electrical, 
are rubbed with matters, which cannot be elec- 
trified by rubbing; it might be ſurmiſed, that 
perhaps the bodies, which are of themſelves 


electrical, contained no electrical matter, but by 


rubbing only were made capable of admitting 


into them the electrical matter from the bodies, 
with which they were rubbed. But this is only 


mere ſurmiſe. If you put powdered glaſs into 
a glaſs veſſel, with a braſs wire in it, and com- 
municate the electricity thereto: The electricity 


will be as intenſe as when water is in the glaſs. 


So little reaſon as we have to hold the electri- 
cal matter, which manifeſts itſelf in bodies, 
when rubbed, for a bare efflux, ariſing only 
from the rubbing things; ſo little are we to 
conſider the electrick matter in the bodies, to 


which the electricity is communicated, as an 


efflux, barely proceeding from a body of itſelf 


electrical and rubbed. For, if a glaſs tube or 


globe is electrified by rubbing, and you let a 


metal chain, which hangs at filken ſtrings, be 
touched by the tube or globe: The whole chain, 


the moment it is touched, is electrified, though 


with many thouſand times more ſurface and 
maſs than tube and globe In the moment, that 
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its whole ſurface electrified in a moment by a 
ſingle ſpark. You need only hold a ſmall piece 
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the one end of the chain is touched by the tube 
or globe, an electrical ſpark flies out of the 


other, on a finger, or a metal, at a due diſtance 


from that end. The electricity ariſing in a me- 


tal, if touched by a rubbed glaſs globe, is far 


ſtronger than the electricity of the globe itſelf, 


And the greater the maſs of the metal, the 
ſtronger electrical ſparks fly from it, In parti- 
cular, the electrical power increaſes, if water is 

electrified in glaſs veſſels, All this is a confir- 
mation, that the bodies, which admit being 


electrified by the touch of rubbed bodies, have 


not their electrical matter from the rubbed bo- 
dies. | 

F. 241. The cleftrical matter encompaſſes 
and ſaturates the bodies, which admit electrify- 
ing, as a conſtantly fluid and cohering ſubſtance, 
For, a body which bears imparting electricity to 
it, when reſting on a matter of itſelf electrick, 
how great or long ſoever; yet it bears to have 


of metal at a ſilken thread, ſo it reſts on a bo- 

dy, to which the electricity is communicated, 
and then with the thread draw it off the body, 
and bring it to a metal chain, that hangs at 


ſilken firings: and it will be inſtantly electrified 
from one end to the other. Now each part of 


ſuch a body, how ſmall ſoever, may be electrifi- 
ed. 


of FLUID BODIES. 
ed. So that all the parts, into which a body is 
reſolvable, are encompaſſed with electrical mat- 


ter. But the parts of a body are ſo combined 


together, that there are every where between 
them interſtices, in which a ſubtle matter may 
lodge. From this it is evident, that a body, 
which admits imparting electricity to it, is ſated 


throughout with electrical matter, as a kind of 


fluid ſubſtance. And this may be affirmed even 
of the bodies, that bear electrifying by rubbing. 
For, if an exhauſted glaſs globe be rubbed ex- 
ternally, a light appears on its internal ſurface. 
In like manner there ariſe flaſhes, which move 
up and down in an exhauſted globe or tube, 
when touched by an electrified metal. On rub- 

bing the internal ſurface of a cloſe glaſs or por- 
| celane veſſel, leaf-gold, lying at a certain diſ- 
tance from the external ſurſace, is put into friſk- 
ing motions, F. §. 21. 


S. 242. The electrical matter conſiſts of parts, 


in which light is in various manners refracted 
and reflected. On viewing an electrical ſpark, 
produced in air, through one of MarſhaPs mag- 


nifiers, it appears like a pure azure ſtream of 


the pureſt. fire. But ſtream the electrical matter 
from a metal wire or pin in vacuo, a variety of 
colours appear; eſpecially, when the ſpace be- 
tween the wire AB and BC, fig. 8. Plate XIV. 

under the exhauſted bell, is only two or three 


U + 1 inches 
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inches long, and externally at BC a chain lies. 
The colours exhibit themſelves to ſight, without 
needing to view the matter, ſtreaming in vacuo, 
through a priſm. Erom this it is clear, that 
the parts of the electrical matter muſt differ 
from each other in contexture. 
$. 243. As the electrical matter fires foirits of | 
wine and ſeeds of lycopodium, and in the man» 
ner of a heated matter reſolves aurum fulmi- 
nans, $. 238. ſeq. it appears to hold fire. Per- 
fectly certain it is not. For, as the parts of the 
„ electrical matter are highly ſubtle, and act with 
great velocity; they may hereby probably put 
the fire, included in inflammable matters, into 
motion, without being themſelves a fire. 
If fire be found in the electrical matter, it 
f may in reſpect to the other matters be of incon- 
ſſiderable power. In all appearance, an electrical 
ſpark ſhould fire ſeeds of lycopodium, without 
requiring to be excited in Muſcbenbroechs man- 
ner. A flame never ſo ſmall fires them. 
Whereas in Muſchenbroeck's experiment the elec- 
trical force mult be heightened by much water, 
mixed with ſaltpetre, "ok the burſting electrical 
flaſh to fire the ſeeds of lycopodium, ſo as to 
mount up in a flame. The intenſity of ſuch a 
| ſpark I deſcribed in 1753, in a Programma de 
avertendi fulminis ar tificio ex doctrina electricitatis, 
P. 10, 11. Were auen a flaſh tor the greateſt 
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part only fire; there could be no reaſon, why it 


ſhould not fire gunpowder, eſpecially as its effect 


is ſo quick and intenſe. 
$. 244. The electrical matter is elaftick, or 


—_— 


has a conatus to expand itſelf, For, from the. 


angles and points of eleArified bodies luminous 
rays proceed in diverging lines, E. $. 56. If an 
unelectrified body approaches theſe rays, it in 
like manner emits ſuch rays, which unite with 


the other, F. §. 10. In vacuo ſuch cones of ; 
light, which ſtream againſt each other from an 


electrified and unelectrified body, appear very 
diſtinctly, on making the experiment in the 
dark, F. $. 57. If we view through a magni- 


fying glaſs the ſurfaces of two metals, ſo diſtant - 


aſunder in the open air, that the electrical mat- 
ters ſtreaming from. them, cannot attain the 
denſity of a ſpark; we obſerve on both ſurfaces 


luminous globules, that appear to play upon 
them. If at a ſtrong electrified metal the flame 


of a candle ſtands; it will be blown along as by 
a wind proceeding from the metal. And this 
ariſes, ſtand the flame at the metal where it will. 
And bringing any part of an unelectrified body 
within a certain diſtance of one electriſied; you 
may obſerve the electrical matter ſtreaming forth 
from it. The electrical matter therefore of a 
body ſeeks to exert itſelf every way round its 
ſurface, | 
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F. 245. And thus a body is electrified, ſo an 
electrical matter is put into motion, ſo as to ex- 
pand itſelf, happen it either with or without 
rubbing. 0 
$. 246. In the electrical matter of A body; 
which bears being electrified without rubbing, 
this motion ariſes, ſo ſoon as it is touched by an 
expanding electrital matter. But if a body may 
not be electrified otherwiſe than by rubbing, its 
( clectrical matter will not in any remarkable 
manner be reſolved and expanded by the bare 
contact of an expanſive electrical matter. If this 
happened, the electricity would be conſiderable 
in no body, that may be electrified without rub- 
bing. Were, for inſtance, the electrical matter 
of ſilken ſtrings, at which a metal tube or chain 
\ hangs, on communicating the electricity thereto, 
veſolved in an equal degree by the bare touch of 
their reſolved electrical matter; the electrical 
matter of the bodies, at which the ſilken ſtrings 
4ere faſtened, would be put into this very mo- 
tion. But thus it would be juſt the ſame thing, 
as if a metal tube or chain, hanging at ſilken 
ſtrings, were touched by a perſon, not ſtanding 
on a matter, which we call of itſelf electrical, 
F. 234. Now as by touch of ſuch a perſon, 
tube and chain cannot be electrified; or having 
been before electrified, loſe the electricity; ſo 
they would never gain a degree of electricity, 
4 


- 
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did the electrical matter of the filk, the glaſs, 
the pitch and other bodies of this ſpecies, reſolve 
in equal meaſure by bare contact of a reſolved 


electrical matter. So ſoon as a metal, hanging 


at ſilk which is electrified, touches melted pitch, 


its electricity vaniſhes inſtantly, F. p. 110. We 


may eaſily imagine that the electrical matter of 
the pitch is as ſtrongly reſolved by. the melting, 
as the electrical matter of the metal by touching 
a reſolved electrical matter. 
5. 247. The electrical matter of a body, which 


may be electrified no otherwiſe than by rubbing, 


has therefore either among its parts, or with its 
body a far ſtronger degree of coheſion than the 


electrical matter of a body, which may be elec- 
trified without rubbing. 


C H A P. III. 


Hon the eleftical Effects ariſe 


$. 248. 10 ſoon as the Jadu. matter of a 
body expands itſelf; 1t has'a conatus 


to 13 the body along with it. For, this 


matter has a certain degree of coheſion e 
„ 


+ 249. 
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2 8. 249. If therefore the electrical matter ex- 
pands itſelf on one ſide of the body ſtronger 
than on the other; and if this elaſticity is more 
intenſe than the gravity of the body; it will be 


ſnatched along by its electrical matter towards 


the place, it ſtreams out che moſt intenſely to. 

$. 250. In this manner ariſes the attraction of 
an eaſily moveable body, when ſo nigh a body 
not eaſily moveable, that both electrical matters 
mutually touch, ſo they expand themſelves. 
And let the electrical matter firſt expand at the 
immoveable body: That moment the electrical 
matter of the eaſily moveable body, by virtue 
of its elaſticity, ſtreams againſt it, F. 244. and 
thus ſnatches it along with it to the immoveable 
body. And this very thing muſt happen to the 


eaſily moveable body, fo its electrical matter 


firſt expands itſelf. For, ſo ſoon as this hap- 


pens, the electrical matter of the moveable body 
ſtreams againſt it, §. 244. and is hereby rarified, 
And thus the electrical matter of the eaſily 
| moveable body expands itſelf towards the part, 


from which the electrical matter of the immove- | 
able body ſtreams againſt it, ſtronger than to- 
wards another part; and thus again hurries along 


with it the eaſily moveable wy towards. the 


immoveable. 


$. 251. And if thus the gravity of both bodies 
is weaker than the force, with which their elec- 


trical 
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trical matter expands; both bodies will move 


towards each other. And thus it will appear, 


as if they attracted each other alternately. 
§. 252. So the electrical matter ſtreams out 


of one body, the other, againſt which it ſtreams 


forth, acquires an impulſe. If therefore both 


bodies are eaſily moveable, and ſtream theit 


electrical matters againſt each other with an 


equal degree of intenſeneſs; the electrical matter 
of the one forces the other out of its place. So 


that both bodies remove from each other, and 


continue in that ſtate, ſo long as the equally in- 
tenſe efflux of their electrical matters are propa-- 


gated againſt each other. 1 leaf- gold rolled 
up together, hangs at a ſilken thread near a 


metal tube, reſting on ſilken ſtrings, to which 


the electricity is communicated; it will be driven 


firſt to the tube, and then again from it. The i 


firſt happens, as the electrical matter of the un- 
electrified leaf-gold is in che firſt inſtant, in 

which the metal tube acquires the electricity, 
denſer than the electrical matter of the electrified 
tube. For, thus the denſer matter of the leaf. 
gold expands itſelf towards the tube, at which 


the electrical matter is rarer; and thus hurries 


off along with it the leaf- gold to the tube. But 
ſo ſoon as it touches the tube, the electrical mat- 


ter of this, laſt will be as intenſely expanded and. 


rarified, as the electrical matter of the tube reſt- 
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ing on the ſilken ſtrings; as the leaf-gold hangs 
at a ſilken thread, and therefore acquires as little 
acceſſion of new electrical matter from the air as 


the metal tube. So that the electrical matters 


of the leaf-gold and tube ſtream with equal in- 
tenſeneſs againſt each other. Now ſo the gra- 
vity of the leaf- gold be weaker than the elaſti- 
city of the electrical matter ſtreaming from the 
tube; the leaf- gold will be driven ſo far, as the 
violence of the ſtream can carry it. From this 
very reaſon a whole number of grated bits of 
leaf-gold, lying ſtrewed on a furface ſome ells 
in length, riſes at once therefrom into the air, 
ſo ſoon as the electricity is communicated to is 
ſurface. | 

253. The lade lines, in hich the 
electrical matter ſtreams forth, conſiſt of ſmall 
particles. Each exhibits a luminous point. 
Theſe points are ſeparated from each other by 
ſmall interſtices. One point follows another 


with a great degree of quickneſs. They proceed 


in oppoſition to each other from the electrified 
and unelectrified body, and from one body to 
another, F. $. 31. By theſe motions the parts 


of the light or æther between both bodies are 


puſhed and preſſed together. As the electrical | 


points are ſeparated from each other, and each | 


moves from one place to another with the high- . 


off 
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of light again expand themſelves. And as thus 


the particles of light are now denſer, again rarer, 
from the electrical particles going in a conſtant 
_ alternation from the electrified body towards the 
unelectrified, and from this again to that, it is 
thus the light ariſes, F. 2:1. 215, 
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FS. 254. If two bodies are electrified A 8 


ſtrong, their electrical matters are rarified and 5 
expanded in an equal degree, $. 245. So that 


they fail of the motion, by which they go alter- 
nately from one to the other. And in this ſtate 
they can thus excite no light. 


$. 254. If the electrical matters have Gas 


panded themſelves from the electrified and un- ; 


electrified body, and 0 collected themſelves· in 


the ſpace between them, that the electrical mat- 


ter ſtill remaining at the furfaces of both bodies 
is rarer; ſo by virtue of the elaſticity, $. 244. 
one part of the collected matter muſt go towards 
the electrified, and one towards the unelectrified 


body. In this manner the electrical ſpark di- | 


vides itſelf and pres | 

$. 256. How in the time it POO a crack- 
ling, or alſo, on — hi electrical force in 
Muſchenbroeck's manner, a ſnap ariſes; we ſhall 
explain under the doctrine of found. _ 

8. 257. The ſtronger the electrical matter of 
a body reſting on filk or glaſs is refolved and 
expanded; the more Ea may the electri- 


cal 
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cal matter of an unelectrified body force by ies 


elaſticity againſt the electrified. This happens, 
on electrifying water in glaſs veſſels, which again 


ſand in water. For, though glaſs ranks among 
bodies, which may be electrified by rubbing; 


yet its electrical matter is alſo in ſome meaſure 


reſolved by the electricity of the water ſtanding 


in the glaſs flaſk. Experience teaches this, from 


electrical motions being perceived on the ſkin, 
and a whizzing being heard, on holding a hand 


towards a glaſs flaſk, in which the water has 


been ſtrongly electrified. If therefore ſuch a 


flaſk is encompaſſed with water and metals; the 


electrical matter forces plentifully out of theſe 
unelectrified bodies into the glaſs of the flaſk, 


and conſequently into the matter contained 


krherein. And if thus you go on more and more 
to reſolve the electrical matter of the water in 


the flaſk by means of a glaſs globe rubbed by 


turning; this encreaſed electrical matter expands 


with ſtill greater violence. And thus if a per- 
ſon, that with the ene hand touches the veſſel, 
in which the glaſs flaſk ſtands, approaches the 


wire ſtuck therein with a finger of the other 
hand; there muſt, needs ariſe a ſtrong electrical 


ſtream between the finger and the wire. 
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of the MAGNETICAL MarTzR. 


CHAP. 


of hs Diviſion of: the. Phenomena of the : 


Rath 


5 2550, HE What "ON ſtone, which as 
is well attracts iron, as it is again at- 
trafted by iron, and in contact coheres there- 
with. Fhis effect, indeed, manifeſts itſelf all 


over the magnet; but with peculiar intenſeneſs 


at ſome points only, as at which iron-filings ad- 


here in greateſt plenty. If the magnet hangs 
free at à thread, it winds and turns, till the one 


point is directed towards north, and the other 
towards ſouth. And hence theſe points are 


called its poles. Fhe right line, which we may 
conceive drawn through theſe poles, is called its 
axis; and the plane, by which the axis is eut at 
right angles, its equator; and each ſeveral line, 
that may be drawn on its ſu ice rom one 5 
to the other, a meridian. 
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F. 259. If a magnet is armed, or enaſed, 
irs effect proves ſtronger. The arming is per- 


formed as follows: The magnet is ground down 


at both the poles, which ſtand mutually oppo- 
ſite; and on the ſides at which the poles are, ſo 


laid with plates of ſoft iron, as to form, as much 


as may be, right angles with the axis of the 
magnet. To each plate is a ſmooth cubical foot, 
called the foot of armature, as alſo the artificial 
pole; as the natural at maniteſt . effect * 


theſe. 


§. 260. So ſoon. as iron is F on a mag- 


net, it is fitted to act in the manner of the mag- 
net itſelf: And hence aroſe the magnetical 
needle. It is prepared of ſteel, is oblong, flender 


and narrow, with a ſmall braſs hood, excavated 


of a conical form. In the point of this exca- 
vation it is divided into two equally heavy 


halves, and reſts on a metal point. In order to 


communicate the magnetick force thereto, it is 


laid on a wooden table, and a pole of an armed 
magnet ſet on its middle, and ſlowly conveyed 
on it quite to its point, This is repeated a 


number of times. But you muſt not carry back 


the magnet on this half; as the force. ariſen 
again ceaſes thereby. You therefore bring again 
the magnet on the middle of the needle by tak- 
ing a round about way, ſetting thereon the ſame 
pole with which you touched at firſt, and carry- 

1 ing 
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ing it again along the touched half to the end. = 
If the carried pole of the magnet is the ſouth, 
the touched half of the needle turns north. And 
in order to make the other half magnetical alſo, 
you touch it with the north pole of the magnet, 
carrying it in like manner from the middle to 
the other end. 

8. 6, The phænomena, by —— the mag- 
net aſtoniſhes its beholders, conſiſt partly in its 
direction, and that of the magnetick needle to. 
wards a certain point of the earth and heavens; 
5 partly, in attracting, and repelling, and partly 
in communicating the magnetick virtue. All 
which manifeſt themſelves by manifold circum- 
ſtances, as the remarkable experiments ſhew, 

publiſhed by Muſchenbroeck in his long diſſerta- 
tion de Magnete, and by baron Wolfius in his Ex- 
periments, P. III. c. 5. 


een 
Of che Magnetick Matter. | 


$. 262. T the poles of a magnet is an invi- 

. ſible matter, which is in conſtant 
motion. For, if at a certain diſtance from an 
armed magnet two iron keys are ſo held, that 
nn AS © SL 
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one ſtands with its ring over the ring of the 


other and touches it; and ſo the under key either 
remains hanging at the upper, or at leaſt as to 
the touch manifeſts a conatus to cohere. In 
particlar the coheſion ſhews itſelf, when the feet 
of the magnet have an horizontal poſition, and 
the keys are in the manner of fig.. 5. Plate V. 


ſo held together, that the ring of the under is 


raiſed ſomewhat over the under foot of the mag- 
net. If the upper key hangs at the one end of 


a balance, and at the other a body of equal 


weight; it ſinks down with the arm, on ap- 


Proaching thereto the under k ey. None of 


which appearances would be obſervable, were 
there no matter about the magnet, that acted on. 
the keys. For, the magnet is touched by them 
in no part. Should this coheſion ariſe without 
the force of a certain matter, the keys muſt unite 
in the neighbourhood of any other body. This 
ipviſible matter, which is 3bdut, the ſagn 

may be called the magnetical. 
On throwing iron filings on paper, and draw- 
ing along a magnet under the paper, different 
vortices or circles appear. This method De la 
Hire uſed, in order to exhibit the effects of the 
magnet. In Mwſchenbrogck's diſſertation on the 
magnet, you find Plate III and IV ſeven figures, 
that repreſent the courſe of the magnetick ſtream 
according to Various circumſtances, Theſe ex- 
periences 
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periences gave occaſion to M. Bazin, member 


of the academy of Belles Lettres at Rochelle, and 
correſpondent of the royal academy at Paris, by 
new experiments to bring the magnetick matter 
to exhibit to our eyes its courſe, and all its dif- 


ferent windings by certain ſigns, that were plain 


and diſtinguiſhable. His attempt was crowned 


' with the deſired ſucceſs. He cauſed to be made 


a number of ſmall ſteel plates of regular figures; 
ſome of which were a half, others a whole line, 


and others again two lines thick. Theſe plates, 
made magnetical, he laid on the table, gave 


them what poſition he would, laid over them a 


piece of white paper, and ſtrewed thereon fine 


ſteel or iron filings. And in order to ſtrew it 
more regularly, he let them fall through a fine 


ſilken ſearce. So ſoon as this duſt falls, we ob- 
ſerve, how, as it were naturally, it diſpoſes itſelf 


in a certain order, But in order to take the 


form, which the magnetick ſtream may give it, 
_ duly perfect, you ſtrike ſoftly with a key below 


on the table. Theſe ſmall blows cauſe the light 


particles of iron to ſpring up, and mount in the 


air, in which they are the eaſier taken and puſhed 
by the magnetick ſtream, and laid in a ſituation 


adapted to its effect. The deſcription and re- 


preſentation. of the magnetick ſtreams, which 

M. Bazin publiſhed, may be ſeen in the Ham- 

hurgh Magazine, T. 12. TT. 
SJ 9. 263. 
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$. 263. The magnetick matter is fluid, and 


more ſubtle than air. For a magnet may be 


either ſhut up in a veſſel of metal, as for in- 


| ſtance, braſs, which is run cloſe, or hung under 


a glaſs bell, and the-ſpace under it exhauſted of 
air; and in both caſes an untouched needle of 


iron moves towards the magnet when hanging 


at a thread externally near the veſſel and bell. 
From this it appears, that glaſs and metal are 
penetrated by the magnetick matter. And thus 


it is finer or more ſubtle than air. By the fixt 


or more ſolid parts of the metal and glaſs, 
which of themſelves are impenetrable, the parts 


of the magnetick matter are ſeparated aſunder. 


Whereas by the ſmall interſtices between the ſo- 
lid parts, the parts of the magnetick matter 
unite together. In theſe properties conſiſts the 
e 49. 8 

As the effect of the magnet . as ſtrong 


and as quick through metal and braſs, as when 


the ſpace between the needle and magnet is filled 
with air only; it appears impoſſible to ſome na- 
turaliſts, that the magnet ſhould be encompaſſed 
with a matter, conſiſting of ſuch fine and ſubtle 


parts. This appearance of impoſſibility is height- 


ened by the two following experiments: You ſet 


a touched needle under a glaſs bell, which you 


exhauſt of air. Without the bell you place a 
magnet, by whoſe action the needle is brought 
| out 
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out of its meridian. Between it and the bell you 
fire ſpirits of wine in a braſs veſſel. Be its fire 
never ſo ſtrong, the needle remains unmoved in 


the poſition which at firſt it gained by the pre- 
ſence of the magnet. In like manner it retains 
its poſition, whether you produce a wind either 
by a pair of bellows, or by compreſſed air, either 


from a copper ſphere, or wind-gun, between the 


bell and the magnet. >. 
It is therefore concluded, that neither the 


ſtrength of wind, nor the violence-of fire, nor 
the denſity of bodies obſtructs the force, with 


which the magnet acts on iron. And thus the 
magnet cannot exert its effect by means of any 
| ſubtle matter. But if this conſequence be ad- 
mitted,” neither can we aſcribe any electrical 
matter to electrified bodies. If a bar of iron 


hangs at ſilken ſtrings, and is electrified, its 


electricity ſhews itſelf even in the ſtrongeſt wind. 
Let two iron hooks hang down at ſilken ftrings, 


in which place a glowing iron bar, and commu- 


nicate the electricity to it; and the bar in the 
ſtrongeſt glow will yield as well electrical ſparks, 
as alſo put into a friſking motion underlaid 
grains of ſand and leaf-gold. Let a candleſtick, 


on which a candle burns, be electrified, and 
place a body on ſilken ſtrings at the diſtance of - 
an ell and more from it, and yet the body will 


take the electricity. Let the ſpace under a glaſs 
—— 4 = bell 
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pole of the ſame name, and raiſes itſelf, re 
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bell be never ſo well exhauſted, leaf-gold, lying 


on a ſmall ſtand under it, begin inſtantly to friſk, 
ſo ſoon as an electrified body approaches from 


without the bell, without touching it. Nejther 
the motion of air, nor the ſtrength of fire, nor 
the denſity of glaſs obſtructs therefore the force, 
with which an electrified body acts on one un- 
electrified. But how ſhould it thence follow, 
that an electrified body e exerts its effect + 885 
ſubtle matter? « 


§. 264. The e matter, which t moves 


at the pole of a magnet, goes not to che cogno- 
minal pole, or of the ſame name, of the other. 


For, if a magnet hanging at the arm of a ba- 


lance be in æquilibrio with a body hanging at 
the other arm; it riſes up, ſo ſoon as a pole of 
the ſame name of another magnet is brought 
under one of its poles, without the poles touch- 
ing each other. And hence the poles of the 
ſame name are called the farring and contrary 
poles. A needle, which hangs ſtraight down-at 
a pole, removes from it on the approach of /a 


ing in this oblique poſition, ſo long as the cog- 
nominal pole is left near it. 


3. 265. S chse each Magnet is Ports . 


magnetick matter, ſtreaming from one pole to 


the other. For, on laying and preſſing an iron 
needle untouched on the equator of a magnet; 
| = 
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it turns, the moment you remove the finger, into 
the meridian, and remains lying therein. And 


this very thing happens, on laying on the mag- 


net a ſmooth plate of braſs or ſilver, and on that 
the needle. 

FS. 266, But it ſtreams out of one pole, and in 

into the other. For, if a magnet hangs in æqui- 

librio at a balance, it ſinks dow with the arm, 

at which it hangs, on bringing an immoveable 


magnet ſo under it, that the uncognominal poles 


or poles of different names, ſhall ſtand oppoſite 
to each other; and at length it unites with the 


immoveable magnet, if the ſpace between both 


is not quite too great. If the immoveable mag- 


net is hung at the arm, and that, before move- 
able, removed, and held under the appended one 


With the pole of a different name; the appended 


in like manner ſinks down and unites with the 


under, ſo the intermediate ſpace is no hindrance. 
And hence the incognominal poles are called 
the agreeing and friendly. Now if the matters 


ſtreamed from both incognominal poles in ſuch : 
a manner againſt each other, as that neither the 


matter at the north pole of the one could pene- 
trate into the ſouth pole of the other; nor the 


matter at the ſouth pole of the one into the 


north pole of the other; the incognominal poles 


muſt as well remove from each other, juſt as 


the cognominal do, F. 264. In like manner 


neither 
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neither might approach either, if from neither 
the matter ſtreamed forth. 


CHAP. II. 


The Phznomena of the Macxer explained. 


"$6 267. S the magnetick matter puts iron 


and load-ſtone only in motion, 
whereas all other bodies known to us force 
through unhindered; the void and inviſible in- 


terſtices in the iron and Joad-ſtone muſt be ſo 
ordered, that the magnetick matter has ſome 


obſtructions to remove in the paſſage. We may 
with profeſſor Euler in his Nova theoria Magnetic, 
repreſent to ourſelves, as if in the magnet or 
iron on the ſides, between which there is ſuch a 


cavity, certain tender and flexible particles pro- 
jecting therein, and touching each other at an 
oblique angle. A row of ſuch cavities, following 
each other in a line, and over- run with ſuch 


particles or ramuli, profeſſor Euler with Deſ- 


cartes, who in his Principia Pbiloſophiæ, P. IV. 


$. 133. /eqq. paved the way for an intelligible 
explication of the magnetick phænomena, calls a 


magnetick meatus or paſſage. A repreſentation of 
ſuch a paſſage, fig. 6. Plate V. gives. From A 


to 
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to B the magnetick matter indeed, has, ſome 


force to apply, for the tender ramuli or fila- 


ments to be forced ſideways; but yet can force 


quite through. On the cuntrary, from B to A 
their paſſage is blocked up, as the filaments, by 
the conatus of the magnetick matter, are preſſed 


againſt each other. This diſpoſition of the 


magnetick paſſages is far more inartificial or 
ſimple than the configuration, which Deſcartes 
allots them; as he repreſents them as ſo many 


| ſpirals. Alſo according to Euler's diſpoſition 
there is no reaſon with Deſcartes to imagine the 


particles of the magnetick matter as ſo many 
ſmall ſpirals. 


$. 268. Let therefore two pos of unlike 
names, as B and A, be brought together, and 
put the caſe, that the magnetick matter ſtreams 


forth out of B. Thus it may force into the in- 


cognominal pole A, and move quite through to 
B. But ſuppoſe B A hangs at a balance, fig. 7. 


Plate V. and AB lies immoveable on a ſmall 
ſtand under BA. Now as the magnetick mat- 
ter from B ſtreams into A, A therefore will de- 
ſcend to B, and unite with B? Let BA hang 
at the balance, and invert AB, fig. 8. Plate V. 
So that the pole A, at which the matter flows 
in, is obverted to the cognominal pole A, at 
which the matter in like manner forces in. 
Will therefore one pole repel 1 other from it. 

; as 
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as the matter ſtreams in into one pole? So that 


without fide the magnets, there muſt be ſtill 
ſomething, which by its force can as well unite 
two magnets with, as alſo ſeparate them from 
each other, ſo the magnetick matter goes either 
out of one pole into the other, or n none into 
the other. 


F. 269. As che magnet as well as the magne- 
tick needle directs itſelf towards a certain point 
of the earth and heavens; there muſt be a cer- 
tain matter in and above the earth, by whoſe 
motion the magnet and magnetick needle gain 
their direction. This matter may be of the ſame 
ſpecies with the magnetick. Only we are to en- 
quire into the nature of its force and motion, 
in order to produce the ſaid direction. Gilbert 
in his firſt book de magnete appropriates to the 
earth the properties of the magnet, and there- 
fore with the view of rendring his opinion the 
more diſtinct, cauſed to grind a magnet, round 
like a globe, and called it a terrella, or little 
earth. Deſcartes, therefore, who held Gilbert for 
the principal enquirer into the magnetick virtue 
in his time, lets his ſpiral particles of the mag- 
netick matter ſtream out of the north- pole, quite 
round the earth, and in at the ſouth-pole, and 
through the middle of the earth out again at the 
north- pole: In like manner out of the ſouth- 
Pole, and quite round the earth, and in at the 


3 | | nor th- 


d 
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way therefore by means of its ſpring wi 
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magnetic paſſages, nor the magnetick particles 
are in his explication of one and the ſame fi- 
gure. Neither the particles, which come from 
the north pole, can force into the paſſages, out 
of which the particles at the ſouth-pole ſtream 
forth; nor theſe laſt into the paſſages, out of 


which the particles at the north- Tele my forth, 
on account of their figure. | 


F. 270. Fheſe thoughts Rs Euler has 


carried farther, but explained the whole affair in 
a conciſer manner. The magnetick paſſages in 


che earth are, according to his theory, all of one 
and the fatne configuration. Into the pole, 
from which the matter ftreams forth, there is no 


| influx; and no efflux from the pole, at which 


the matter ſtreams in. The magnetick matter 
in and above the earth is elaſticx. Suppoſe one 


magnetick pole to be at A, fig. 9. Plate V. the 
bother at B, and the magnetick paſſages to run 


from A to B, and thoſe in the earth te be at 


317 
north-pole, and quite through the middle of the 
earth, out again at the ſouth- pole. Neither the 


firſt void of magnetick matter. The magnetick 


matter, which encompaſſed the earth, took i 


lence into the magnetick paſſages of the 
at A. For, as the ramuli and filaments of the 


paſſages are ſo diſpoſed, that no magnetick mat- 
ter can force into them at B; there came from 


B 
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B to A nothing againſt the matter forcing i in at 
A, which could with equal power withſtand its 


motion. And therefore the matter forced in 


muſt burſt out at B. In the burſting out it met 


with a ſtrong reſiſtance in the external matter; 


and was thus beat back in the manner the wind 


is, which ſtrikes on an immoveable body. In 


the paſſages from B to A it could not go back, 


partly on account of their ſtructure according 


to fig. 6. partly on account of the following 
matter. On both ſides the reſiſtance of the ex- 
ternal magnetick matter was weaker than in 
the part of the eruption at B. For, as the 
matter forced in at A; ſo the matter, on both 
ſides by virtue of its elaſticity muſt expand into 
the ſpace, which the matter at the part at A 


left. And thus the matter burſting forth out of 


B ſhared itſelf out towards the ſides C and D, 
and went on in curved ſtreams to A, and there 
again had its influx. And thus as the preceed- 


ing matter never reſtrained the following, and 


the external at B always made the greateſt re- 
ſiſtance; ſo the magnetick matter muſt whirl in 
never ceaſing ſtreams round the earth out of one 
magnetick pole into the other, and ſhoot into 


the magnetick paſſages through the earth with | 


a great degree of quickneſs. It is eaſy to ima- 
gine, that the external magnetick matter never 

remains in the ſame ſtate. There muſt, ſurely, 
| from 
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from the nature of elaſtick matters in motion, 
ſome parts of the effluent matter mix therewith, 
and again from the external ſome particles force 
into the effluent, and proceed on with its vortex 
or eddy. The parts of this magnetick eddy 
Euler holds for the ſubtleſt ſubſtance of the æ- 
ther. But whether the magnetick matter conſiſts 
of the ſubtleſt particles of æther or no; yet from 
the elaſtick force, and the vortical motion of a 
matter, which comes near to æther in ſubtlety, 


and from the deſcribed magnetick paſſages as 


well in the earth, as in ſingle magnets and iron, 


the magnetick phænomena may be 1 in 
an eaſy, intelligible manner. | 


271. As the magnets, which ws Si on hs : 
earth, after the nature of this great magnet have 


5 magnetick paſſages, 5. 267: So the magnetick 
matter muſt ſtream into them at one pole, and 


out of them at the other, and for the very ſame 


reaſon, from which it whirls round the earth, 
form a vortex about them. ; 


$. 272. If the magnetick paſſages in a magnet 


run in parallel and right lines from one end to 


the other; the magnet is called imple, and thus 
has two poles only. But if the magnetick paſ- 


ſages lie in any other diſpoſition, the magnet is 
called compound and anomalous. And fo a mag- 
net may have three poles; if, for inſtance, the 


yOu which unite in the * A, fig. 10. 


Plate 
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Plate V. run in diverging poſitions to the poles 
B and 4. Either of B and & is ſtronger than the 
other, if more magnetick paſſages come together 
in it, than in the other. As the matter, which 
goes through both magnets, has one and the 
ſame nature, and its motion in the compound is 
only manifold; ſo in the preſent enquiry we 
have principally to conſider the ſimple. 

F. 273. The cauſe of the direction, when the 
magnet turns to a certain point of the earth, is 
to be ſought for partly in its magnetick paſſages, 
partly in the elaſtick force and motion of the 
magnetick and whirling matters round the earth. 
Imagine a ſingle magnetick paſſage in the earth's 
vortex to have the free poſition A B, fig. 11. 
Plate V. and the whirling matter to ſtream along 
the line AC, which forms an angle with A B. 
Were the magnetick matter in a ſtate of reſt, it 


would by virtue of its elaſticity, force into the 


paſſage AB, and conſequently acquire a certain 
degree of motion. But as without the elaſticity 


it already ſtreams towards AC, ſo a compound 


motion ariſes, whereby the paſſage is made in 
the diagonal AD, $. 13. As the matter in the 


_ earth's vortex conſtantly ſtreams to AC; fo by 


this force and the elaſticity, wherewith the mat- 


ter forces into the paſſage AD, again a com- 
pound motion in a diagonal will be produced, 


which forms with AC an angle {till leſs than 
ß 4-6 
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the angle DAC. So that at laſt the paſſage 
comes into the line AC, and has thus one and 
the ſame direction with the magnetick matter of 


the earth. If the magnetick paſſage lies at firſt 


in the line AC, in which the magnetick matter 


ſtreams forth; it continues in this poſition, ſo 
another and greater force drive it not out. 


$. 274. If the magnet is anomalous, and has 


more than two poles; the magnet will come 


into ſuch a poſition, in which the forces, acting 


towards different points, are in æquilibrio. 


§. 275. A magnetick needle in the ſame man- 


ner as the magnet maintains a poſition towards 


a certain point of the earth. And thus in like 


manner it muſt have magnetick paſſages, which 


correſpond with thoſe in the magnet. We may 
therefore conſider the magnetick needle as a 


_ ſimple magnet; and in the enquiries made to 
explain the magnetick phænomena, uſe the 
magnetick needle inſtead of the magnet. 


§. 276. If in the earth there were only two 
magnetick poles, diametrically oppoſite to each 
other; we might in general affirm, of the di- 
rection of the magnetick needle what follows. 
From the pole B, fig. 9. Plate V. the magnetick 


matter may ſtream out, and in at the pole A; 
and B may be the north, and A the ſouth pole; 


though in conſideration, that the attraction and 


repulſion manifeſt themſelves at both poles, it 
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cannot be made out, whether we are to aſcribe 
the efflux to the north or the ſouth pole. Fur- 

ther, take a magnetick needle ab, in which the 
pole à gives inlet, and the pole 4 outlet to the 
magnetick matter. Be the magnetick needle 
therefore in the earth's magnetick vortex where 
it will; its abſorbing pole @ will be directed to- 
wards the earth's magnetick north pole B, out 
of which the matter ſtreams forth; and the 
needle's ſtreaming pole b, towards the earth's 
magnetick ſouth pole A, which takes in the 
matter, $. 266. At both magnetick poles of 
the earth, therefore, the needle muſt ſtand verti- 
cal, ſo that through the poles of the needle and 
magnetick poles of the earth a right line might 
be drawn, or the line drawn through the poles 
of the needle might paſs through its axis. For, 
the matter ſtreaming forth out of 3, will be 
preſſed equally ſtrong to both ſides by the mag- 
netick matter, which encompaſſes the earth. 
The places C and D may be equi-diſtant from 
the magnetick poles B and A or 180 degrees, 
and thus in the magnetick æquator. The right 
line, which may be drawn through both theſe 
points, is the magnetick diameter of the earth. 
If therefore the needle ſtands vertical on B; the 
line, which from its poles þ and à paſſes through 
the magnetick axis of the earth, forms with the 
diameter right angles. If the needle is in a 
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certain diſtance from the pole B, the lines which 
may be drawn through it, forms with the mag- 


netick axis an oblique angle, which is always 
greater, the nigher the needle is to the point C. 
And thus in C the line, which may be drawn 


through the needle, goes through the magnetick 
diameter of the earth. The æquator, in which 
are the points C and D, exhibits at the ſame 
time the horizon, on conſidering the magnetiek 
pole B as the zenith. In the places C and D 
therefore, the needle ſtands horizontal. From 


the places C and D to the pole B, the needle in- 


clines to the horizon. This angle is ever greater, 
the nigher the needle comes to the pole B. For, 


this angle of inclination of the magnetick matter 
increaſes with its greater proximity at the pole 


B to the horizon. And this very thing happens 


to the magnetick matter, and conſequently alſo 


to the needle· in the places from C and D to the 


pole A. The horizon, in which the points C 


and D are, is the true horizon. As well in the 


north hemiſphere between C and B, as alſo in 


the ſouth hemiſphere between C and A, we may 
every where between C and B, and between C 


and A repreſent to ourſelves a viſible horizon. 
And thus on the north hemiſphere, the needle 
with its pole a, which is directed to the north 
pole B, is n ſo long as it is above the 


3 
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magnetick equator, But if on the ſouth he- 


miſphere below the equator; it is with the pole 


a raiſed above the apparent horizon, as b is di- 
refed to A. All theſe directions may be plainly 


| diſtinguiſhed on Gilbert's terrella; or taking for 


the purpoſe an inclinatory, or inſtrument in 


which a magnetick needle may ſhift out of the 


horizontal poſition into the vertical, or out of 
this into that. If you bring a compaſs, or an 
inſtrument, in which the magnetick needle ſtands 
horizontal, and can only ſhift round in a circle 
on or above the horizon, on Gilbert's earth; the 
following poſitions and ſhiftings appear in the 
magnetick. needle. If Gi/berts* earth lies with 
its axis on the horizon; the needle ſtands in the 
meridian, be the compaſs placed at the north or 
ſouth pole. But if it be diſtant either from the 


north pole towards the ſouth, or from this to- 


wards the north pole; the needle declines from 
the meridian. If the compaſs ſtands at the north 


pole B, the abſorbing pole 3 ſtands at it. But if 


the compaſs ſtands at the ſouth pole A, the emit- 


ting pole h is at this ſouth pole. If you carry | 


the compaſs on the horizon from the north to 


the ſouth pole, the needle 3 in it ſhifts round in a 
circle. ” 
6. 277. Were therefore the magnet of the 
earth adjuſted in the manner of Gilbert's earth; 
we might at each place eaſily judge from the 
declina- 


1 
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declination and inclination of the magnetick 
needle the direction of the magnetick matter; 
and by a few trials and obſervations attain to 
the knowledge of a rule, from which the decli- 
nation and inclination of the needle might be 
previouſly determined for each place. But the 
magnetick poles of the earth are not ſufficiently 
known to us. We ſhould accurately know their 
number, their places, their diſtances from the 
proper poles of the earth, and their forces. 
Further, it were to be enquired, whether a pole 
ever retained one and the ſame place, or ſhifted 
its place. The laſt may be perceived from the 
change, which as well the declination as alſo the 
inclination of the needle undergoes in one and 
the ſame place at different times. We ſhould 
therefore have a wan according to which mee 
changes happen. 
F. 278. In explaining the reaſons, why two 
magnets attract each other W Es 3 when the 
poles of diffetent names ſtand op o each 
other at a due diſtance; we ar above all to 
conſider the manner, how a magnet by its own 
vortical matter may come into motion. If the : 
magnetick matter, which ſtreams forth out of 
B, fig. 12. Plate V. is driven by the external | | 
magnetick matter with equal intenſeneſs on both C 
ſides towards g, as to run on on both ſides the 
. and flow in again on both fides from « 
- X 3 into 
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into the pole A; the magnet cannot move either 
to B or to A, and muſt therefore continue in a. 
ſtate of reſt. But if the matter ſtreaming forth 


out of B met with no reſiſtance; the magnet 


muſt move ſtraightway on from B. For, thus 
the external magnetick matter would preſs 


flronger towards A than towards B. Were the 


revolving matter hindred at & by the acceſſion 
of a ſubtle matter, ſo as not to be able to force 


into the pole A; the magnet muſt move ſtrait- 


way on from A. For, the preſſure of the ex- 
ternal matter towards B would be ſtronger than 
towards a. How therefore two magnets attract 


cach other alternately, may be underſtood i in the 


following manner. Suppoſe the axes of two 


- magnets to lie in a right line, and the poles. of 


1 5 names A and 6, fig. 13. Plate V. to be 
obverted to each other. The magnetick matter 
which goes forth out of 5, muſt therefore ſtrait- 


way go in at A, Partly the ſtructure of the 


magnetick paſſages from A to B; partly the 
elaſticity with which the external matter, which 
burſting forth out of 5, . preſſes againſt the aper- 
tures A, requires this. In theſe circumſtances 
neither can the ſubtle matter forcing forth out 

of þ be entirely beat back to the ſides of the 


magnet b; neither that coming out of B, and 


flowing at the ſides of the magnet BA to- 


wards the pole A, force into it. This matter 


. there- 
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therefore, ſtreaming out from B propagates its 
courſe through y and-# on to 4. As both the 
vortices of both the magnets mix together at »y 


and 8; ſo they withſtand the force, whereby they 


are other preſſed to the poles A and b. So that 


both magnets are forced together and mutually 
united by the external magnetick matter, which 


by its ſpring preſſes towards @ and B. 
The nigher the magnets are to each other, in 
greater quantity the matter burſting forth out 


of ö, forces into A, as the pole of the other 


magnet, and thus in leſs quantity to the ſides to 
a, as the other pole of its own magnet. And 
for this very reaſon the matter ſtreaming out of 
B can the leſs come into the pole A. The moſt 


part therefore is carried on through y and # quite 


to a, as the pole of the other magnet. And 
thus the nigher the uncognominal poles of two 
magnets are to each other, the ſtronger muſt 
they be forced towards each other. If the un- 


cognominal poles mutually touch; the whole 


magnetick matter, which flows out of 5, goes 
immediately into A, as the pole of the other 


magnet; and the whole matter, which ſprings 
out of B, is driven to the abſorbing pole a of 


the magnet 5. And thus there will be a ſingle 
vortex, and both the magnets are to 125 conſi- 
dered as parts of a ſingle one. 


1 4 : F. 279. 
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$. 279. In like manner ariſes the coheſion of 


two keys, which F. 262. ſerved to ſhew, that at 
the poles of a magnet there is an inviſible mat- 


ter in conſtant motion. And if this matter 


ſtreams through one key into the other; the 
keys are preſſed againſt each other by the elaſti- 
city of the external magnetick matter, and united 


in the manner of two magnets. 
$. 280. Cognominal poles remove e from nach 


| other, if the magnets are eaſily moveable, and 


the vortices between the poles act againſt each 
other, If the magnets ab and AB, fig. 14. 
Plate V. lie ſo far aſunder, that the vortices of 


their magnetick matters cannot mutually touch; 


the matter flowing around out of & goes into 4, 
and the matter moving around out of B into A. 
But if they come ſo nigh each other, that the 
vortices between A and @ mutually touch, the 
vortex at 4 muſt act againſt the vortex at 7; 
and the vortex at e againſt that at g. By this 


reſiſtance the vortices at Pe and fg compreſs 


each other. And hereby both vortices become 
denſer, and therefore act with the greater force 


- againſt each other. And fo they muſt remove 


from each other, when brought mutually nigh, 
and when in a ſtate of eaſy mobility.” 

$. 281, But ſome parts may be eaſily forced 
off from the Vortex at þ by the vortex at 7, and 
from the vortex at g ſome parts by the vortex 


A 
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at e, as alſo. ſome parts from the vortex at e by 
the vortex at g and ſome parts from the vortex 
at F by the vortex at 4. So that ſome parts of 
the vortex at A go to a, and again ſome parts 
of the vortex at a to A. If the quantity of the 
particles carried off, which force alternately : 
into each other out of the cognominal poles, is 
greater than the quantity of the particles, which 
reſiſt each other between the ſaid. poles, two | 
magnets muſt attract each other with their cog- 7 
nominal poles more than they repel, 
$. 282. Iron, by means of a magnet, is chus 
made magnetical: The flexible particles, of whoſe 
diſpoſition and ſituation in a magnet its magne- 
tick paſſages conſiſt, are already extant in the 
iron, -If therefore you hold a ſmall piece of iron 
towards the emitting pole B of a magnet AB: 
As the matter ſtreams forth in large quantities 
with great velocity out of B, it muſt directiy 
force into the iron at a, and burſt out at B, and 
conſequently from @ to b form magnetick paſ- 
ſages. And coming forth at &, it will be driven 
by the external magnetick matter, which en- 
compaſſes the earth ſideways, and conſequently 
about the magnet quite to the pole A. And as 
therefore it forces into it again, ſo by the rule, 
by which one magnet unites with another, 8. 
278. it moves to the magnet BA. And thus 
4b is to be conſidered as a magnet ariſen, whoſe 


pole 
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| publiſhed 1 in Engliſb in 1791. 


pole @ is the ſame with the pole B. In 4 
manner a ſmall piece of iron becomes a magnet 


at the abſorbing pole A, when laid hold on by 
its vortex, as it ſtreams quite through the 1250 | 


of iron, and then in at A. | 
FS. 283. From this it appears, that the vortex, 


which encompaſſes a magnet, expands itſelf by 
means of an iron, which is brought to one pole, 


through a larger ſpace. 


$. 284. In like manner iron may turn mag: 
netical by the earth's: magnetick vortex only. 
'This has been obſerved in iron bars, which for 
a long time have ſtood in a vertical poſition. 
Remarkable inſtances to this purpoſe the croſſes 
on the ſteeples at Aix and Chartres have afforded. 
Such bars turn in a ſhort time magnetical by the 
magnetick vortex of the earth, when their flex- 
ible parts are by an external cauſe brought into 
the diſpoſition or arrangement of the magnetick 
paſſages. This happens, if you heat an iron 
rod, or ſtrike it againſt a firm body, or hammer, 
or file, or bend it. This the remarks of M. da 


Fay on different experiments, made with the 


magnet, ſhew, and M. Reaumur's experiments, 


that ſteel and iron become magnetick without 
touching. A peculiar method of making artifi- 


cial magnets without a natural one, Mr. Canton 


1 285. | 
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£9,288; But iron, by theſe very cauſes, loſes 
its magnetick virtue, when they change the po- 
ſition and arrangement of the flexible particles 
adapted thereto. We have inſtances, that mag - 
netick needles have acquired an inverted direc- 
tion by the violence of a flaſh of lig ghtening, z its 
north pole coming to 'be:the;{ th e 

$. 286. The arming of a magnet gives its 


vortical matter partly another direction, partly 


a ſtronger virtue. If the magnet is not encaſed 
or armed, the ſubtle matter diſſipates at its exit 
out of the pole B, fig. 16. Plate V. And thus 
too after a great degree of diſſipation it goes into 
the pole A. But if the magnet is encaſed, the 
the matter at the outlet and inlet will be brought 
cloſer together; as in the iron, on account of its 
eaſily moveable particles and adapted to its paſ- 


ſage, it finds. leſs reſiſtance, than in the external 


and elaſtick matter of the earth's magnetick 
vortex, when i in immediate contact with the bare 
magnet. And thus i it is collected into a denſe 


ſtream, which takes its way through the iron : 
foot 5, and on account of the reſiſtance, which 1585 


the external matter of the earth's magnetick 
vortex cauſes, goes through c to the foot a, and 
with like denſity forces into its paſſages of eaſy 
opening. And with this denſity the magnetick 
virtue thus encreaſes. Its effect will be till great- 
a if an Iron n be brought to both poles, and this 


: laſt 
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laſt at the ſame time has ſuch poſition, as that 

one pole has as much to bear as the other. For, 
in this manner the external matter of the earth's . 
magnetick vortex acts againſt the iron with a 


double preſſure. 


CEE ee 
What Fluids have in common with Solids. 


* 


CHAP. I. 5 © 


Of PoRoSITY: | 


$ 287. 1 bas on the earth, . are 


viſible and tangible, are porous. 
In ſolids the pores are diſcovered partly by 
magnifying glaſſes; partly alſo hereby, that they 
may be penetrated by certain fluid matters. In 
fluids the poroſity ſnews itſelf by this, that they 
mutually penetrate each other, and mutually 
mix. Among the matters, that lodge in the 


| pores of viſible bodies, air, fire, electrical and 
magnetick matters are the moſt known. A 


number of experiments, confirming the truth of 


this, we find in baron Wolſius's 2 ful Experi- 
_— I. e. 6. and P. II. © 8 


CHAP. 


$ 288. 
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5 CHAP. "x 
ane opa, and Ving. 


-Dotly is called tranſparent, when 


how this is. poſſible, as we cannot -with good 


ground maintain, that the rays of light, as an 


actual matter, ſtream quite through each viſible 


body, as for inſtance, through glaſs, $. 207. 


The particles, of which the ſurface of a tranſpa- 
rent body conſiſts, which gives no paſſage to 


the light, are compreſſed by the pulſes of the 
light, $. 211. If therefore the conſtituent parts 


of a body ſtand ſo connected among themſelves, 
that the compreſſion is propagated from one to 
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we can diſtinguiſh with the eye . 
another body through it. And ſo the query is, 


the other ever in a right line; the eye may fer- 


ceive through it another body. 


A body, whoſe pores and interſtices contain 
matters in them, whoſe denſity differs far from 


the denſity of its parts, is leſs tranſparent, than 


when its pores and interſtices are filled with 
matters, whoſe denſity comes very near to the 


denſity of its parts. So paper has a greater de- 
gree of tranſparency, on drenching it in water 
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or oil. In like manner a ſmall ſlice of an apple 


is tranſparent on filling its air-pores with water. 


The feaſon, that à body has ever leſs tranſpa- 


rency the more the denſity of its parts differs 
from the denſity of the filling matter, conſiſts in 


this, that the incident rays of light are refracted 


otherwiſe in theſe matters than in its parts, $. 
164. For, thus the compreſſion, produced by the 
pulſes of light, is not propagated in a right line, 
in which the light muſt fall into the eye, for a 
thing to be ſeen, F. 186. In like manner, a 
matter loſes ſomething of its tranſparency, when 
the poſition of its parts are ſo changed, that the 
action of the light cannot proceed as before in 


right lines. From this reaſon ice is more 


opaque than water. It is alſo white, as the light 
is reflected from it in ee 2s than from 
water, 


$. 289. The motion of light to 8 a i 
viſible, muſt not only come into the eye, but 


alſo take its riſe from the body itlelf, or be ex- 
cited. 5 


§. 290. 80 that neither the dene wits 
rent, nor the perfectly reflecting bodies are vi- 


ſible. If a tranſparent body is called viſible, as 


for inſtance, water, the reaſon is, that it is opaque 
in ſome parts. But in ſo far as it is tranſparent, 


it is not at all viſible. A reflecting body gives 


the rays, which fall from another upon it, no 


motion, 


1 : 


enn n ED 


motion, by which its pulſes are changed, but 


another direction only, that the pulſes take ano- 
ther courſe. As therefore reflected rays retain 


unchanged the ſpecies of their firſt motion; they 


can exhibit to the eye no other body than that, 
which the ſpecies of their motion firſt gave 
them. The ſmoother a mirrour, and the leſs 


thus there is wanting to it for the reflection, the 


leſs of its ſurface is viſible to the eye. 
F. 291. And thus no body can be viſible, but 
a luminous body, F. 215. 289. Luminous bo- 


dies are of two ſorts. Some are luminous by 


their native force, and ſimply called luminous, 
as the ſun, or flame. Others are luminous by 
an adventitious force, and are naturally opaque, 
as the full moon. The  adventitious force, 
' whereby opaque bodies are luminous, is the 


force, with which the rays of another body act 
upon them. But in order to be made luminous 


by the action of the incident rays, the particles 


of their ſurfaces muſt come into a tremulous 
motion, whereby they excite in the contiguous 
light the pulſes, from whoſe propagation the 


rays of light ariſe, §. 214, 215, 216. If the 
parts of the ſurface of an opaque body re- acted 
only ſo on the incident rays, as to be only re- 
flected, and thus acquire a different direction 
only; an opaque body would not make itſelf, 
but the other body, from which it received the 

incident 
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7 incident rays, viſible to the eye, 6. 289. The 


nature of the rays, by which an opaque body is 
ſeen, has therefore its origin in the tremor, or 
vibration of the ſmalleſt parts on its ſurface. 


The Bolognian ſtone is therefore luminous even 


in the dark, after having ſtood before in the 
ſun; as the tremor, excited by the rays of the 
ſun in its parts, ceaſes not directly, ſo ſoon as it 
is removed out of the ſun. But as this tremor 
or vibration is weaker than that of the ſmalleſt 
particles of a body luminous by its native force; 

ſo is alſo the luminouſneſs of an opaque body 
weaker. All this profeſſor Euler has deduced 


at large in his Nova theoria lucis S Colorum, c. 5. 


CH A P. III. 
Of the Colours of Bodies 


$ 292.7 HE ſeven colours, by which the 

T ſeven ſpecies of the rays of light 
give themſelves to be known, F. 219. are called 
ſimple; as none of them are reſolvable into other 
colours, $. 220. And hence thoſe are called 
compound and mixt, which are reſolvable into the 
ſimple. Both ſorts of colours are obſervable in 


and upon fluids and ſolids, when the light falls 


: om 


Of FLUID BODIES. 
from them into the eye. As the parts, which 
| conſtitute the ſurface of an opaque body come 
into a tremor by the incident rays of light, 5. 


291. ſo in explaining the colours, with which 


the ſurface of an opaque body appears, we are 
to attend to the tenſion and'elaftick fares of its 
particles. : ; 


$. 293. The red colour is produced i in the 


light, when the ray of light, which excites „ 


oftener touches and ſtrikes the eye, than in an 
equal time any other ſimple ray does, F. 223. 
The ſurface of an opaque body, as of a roſe, for 
inſtance, appears therefore red, when its particles 
are ſo ſtretched, that as ſoon as they receive a 


ſtroke from an incident ray of light, they excite 


in the contiguous light in a ſecond ſo many pulſes 


and vibrations, as are neceſſary to form the red 
colour. In like manner an opaque body will 


appear under another ſimple eolour, when the 
tremulous parts of its ſurface produce in the 


light, which is between it and the eye, in a ſe- 
cond the number of pulſes, which are required 


to this other colour. Were therefore the num- 


ber of the pulſes known, which ſucceed each 


other in a ſecond in each ſimple ray of light; 


the production of the colours on the ſurfaces 
of opaque bodies would admit being explained 
with peculiar diſtinctneſs. But what number of 


pulſes follow each other in a ſecond, is protty 
Vo. L 2 = 55 diff | 
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difficult to determine. F or, the intenſity of a ray 
of light derives hence, that the following pulſe 


acts on the immediately preceding, F. 221. 


How ſmall! therefore muſt the ſpace be between 


two pulſes, as each pulſe in a ſecond may be 
propagated through a length of 45 ſemidiame- - 


ters of the earth, $. 207! How uncommonly 
great thus muſt be the number of the pulſes, 
' which in each colour come to us in a ſecond! 


$. 294. If the ſurface of a body conſiſts of 
mixt parts of different tenſion and elaſticity; 
they excite a mixt colour, when ſtirred up to 
vibrate by the incident light. For, differing in 
tenſion from each other, they muſt alſo differ in 
vibration. A ſtring vibrates ever quicker, or 
accompliſhes in a given time ever a greater 
number of vibrating motions, the tighter it is 
ſtretched. A particle on the ſurface of an 
illuminated body ſuppoſe to be called 4, and 
the other 5; and @ in a ſecond to have twice 


the number of vibrating motions that 5 has: 
Thus à excites in the contiguous light twice as 


many pulſes in a ſecond, as þ does. If a and þ 


have on the ſurface the poſition, as that the ex- 


cited pulſes in the light are blended together; 
the eye cannot diſtinguiſh from each other the 
greater number of pulſes of a, and the ſmaller _ 


number of pulſes of 5. And therefore a mixt 


colour is perceived. In like manner, a mixt 
1 4 colour 


other, F. 293. 
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evlour may appear, when the ſeveral parts of a 
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ſurface are made vibratory by rubbing. And 


thus a coloured circle ariſes in the eye, as on 4 


peacock's feather, if at the internal angle of the 
eye you move a finger up and down, and at the 
ſame time preſs the eye towards the een | 


= 


angle. 
$. 295. As the ſeveral degrees of the different 


tenſion, which the particles of opaque matters 
may have, are unknown to us; we ſee the other 


reaſon, why we can give no diſtin& anſwer to 


the query, how it happens, that, for inſtance, 


one fight has ever a different colour from the 


* 


F. 296. But yet we * gradually proceed 


farther in judging of, and explaining the mixt 


colours, which take their riſe from the opake 


bodies, did we, 1. by means of priſms blend to- 
gether in various manners the ſimple colours of 
the ſun's rays; 2. alſo combine together in a 


variety of ways the colours ariſing from the for- 


mer. 3. Apply conſtant fixt names to all theſe 
compound colours: And 4. make a compariſon 
between the mixt colours of the ſun's rays, and 
the mixt colours of opaque bodies. For in- 
ſtance, a ray of the ſun forms on the wall of a 
darkened room a white circle, when incident 
through a narrow aperture, and proceeding un- 
refracted. Yet all the ſeven rays, which are 
Z 3. - T˙ 
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called the ſimple, are blended in it. If there- 
fore an opaque body, as ſnow for inſtance, ex- 
hibits ſuch a white colour, though not immedi- 
ately enlightened by the ſun; I may affirm, that. 


the vibrating particles of the ſaow, in the man- 
ner of the ſun, excite and mix the ſeven ſimple 


rays in the contiguous light. TT 

S. 297. The brightneſs of a colour, as of red, 
for inſtance, is ever greater, the more intenſe 
the vibration, with which the particles of an 


opake and illuminated body act on the contigu- 


ous light. The canſes of the intenſity of the 
vibration are to be ſought for, partly within and 


F 4 


"Foartly without it. The external "cauſe is the 


> of the incident ray. And thus each colour 


appears more vivid in the light of the fun than 


of the moon, To the internal. cauſes belongs 
partly the, enagn, partly the ſubtlety of the 
particles. - 4 TOMS: 

F. 298. If a body in . of certain parts 


is opake, but of the reſt, reflecting; it may ex 


hibit two colours to the eye. Thoſe parts, 
which differ from the reflecting, are by the 
ſtroke of incident rays put into a vibration. 
And hereby they excite a colour proper to 
them. And thus poliſhed gold retains its yel- 
low, and poliſhed copper its red colour. If, on 
the contrary, the ſtroke of the reflected rays, as 
in a metalline burning: -mirrour, for inſtance, is 
ſa 
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ſo intenſe, that the eye can diſtinguiſh it from 


the ſtroke of the rays, which ariſe by the vibra- | 


tion of the opaque parts; it perceives in the 
image of the body, from which the reflected rays 


have taken their riſe, the colours allo of the ſame 
body. 


„ 


| Of SHADOW. 


6 299. HAD OW is a defekt or - io 


of light, which a body undergoes, 
when between it and a luminous body an opake 


body interpoſes. Light is here taken for the 


motion, by which a body is rendred viſible, $. 
144. 

F. 300. In ſo far as the place, which the ma- 
dow covers, has at the ſides a certain degree of 
üght, it is in ſome meaſure viſible. And in this 
ſenſe we ſay, that we ſee the ſhadow. But if the 
place has no light at the ſides, and by a per- 
fectly opake body is entirely deprived of the 
light, which it might have from a luminous 
body; it is entirely darkened. And this defect 


or privation of light we call pare and perfect ſpa- 


2 3 . 
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F. 301. If an opake ſphere A, fig. 4. Plate 


VI. which is illuminated by a bigger S on the 


ſide obverted to it, projects a ſhadow; it has the 
form of a cone, whoſe baſe is in the leſs ſphere 


A. The ſhadow is contained between the rays. 
CR and BR, which come from the luminous 
ſphere S, and paſs along the opake ſphere A. 
As the ſphere A is leſs. than S; ſo the ſpace be» 
” "tween the rays, which paſs along A, is leſs than 


that between the rays, which proceed from L 
and O. And therefore the rays ſhooting along 
A run together at length in the point OO. 
we imagine the leſs ſphere to be ſo cut in B and 
C, that the baſe of the ſection is a circle, through 
whoſe centre the line SAR goes, which is drawn 
through the centres S and A; the rays paſſing 
along the periphery of this circle form a cone, 
whoſe vortex is in R. So that the ſhadow is 
contained between rays, which form a cone, and 


| conſequently i is itſelf a cone. 


5. 302. T he axis of this cone, which Ns 


ſhadow of the leſs ſphere A, fig. 4. Plate VI. 
forms, is leſs than the diſtance of the vertex * 


of the cone from the centre of the ſphere A. 
The rays B R and CR, as right lines, cannot 
otherwiſe, touching the ſphere A, than form ri gh t 
angles with the ſemidiameters AB and AC. In 
the triangles ARB and ARC therefore the an- 


A 


of FLUID BODIES. 
AC, are leſs than right angles. And conſe- 
quently, as well the arch EB, as alſo the arch 


EC is leſs than a quadrant. So that the right 


line BC, which is drawn from the point of con- 


343 


tact B to the point of contact C, is leſs than the 8 


diameter of the ſmall ſphere QM. The centre 


o in the right line BC, which is the diameter of 


the baſe of the coniform ſhadow, is thus nigher . 


the vertex of the cone than the centre A of the 
ſphere, which projects the ſhadow. And there- 
fore o R, as the axis of the cone, is leſs than the 


diſtance 'of its vertex R from the centre A of = 


the leſs ſphere. 
$. 303. And thus in order to know the length 


of the ſhadow, which a ſphere, enlightened by a 


larger, projects; we muſt firſt calculate AR, as 
the diſtance of the centre of the ſphere from the 


vertex of the cone; and then As, as the diſtance 


of the centre of the ſphere from the centre. of 
the baſe of the cone. And then deducting Ao 


from AR, oR the length of the cone remains. 
But if AR and oR differ inconſiderably; we 


may aſſume AR for the length of the ſhadow. 
$. 204. AR the diſtance of the vertex of rhe 
conical ſhadow from the centre of the opake 


ſphere may be found as follows: Suppoſe SL to 
be the ſemidiameter of the greater and luminous 


ſphere, AB that of the leſs and ſnadow- project. 
ing ſphere, and SA. the diſtance of the. centres 
. . 8 


* o 
— 
* 
7 . 
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S and A from each other, If in the triangle 
SRL you ſet off from L to N the ſemidiameter 
AB of the leſs ſphere on 8 L the ſemidiameter 
of the greater; LN is = AB, and conſequently 
SN is the difference between both ſemidiameters, 
Suppoſe 8 L the baſe of the triangle SRL. As 


AB forms a right angle with BR at B, and SL. | 


with LR at L; AB and SL are mutually pa- 
rallel. By the doctrine of triangles, in which a 
line is drawn parallel to their baſe, we may make 
the following concluſion. As SN the difference 


of both ſemidiameters of the ſpheres, to SA the 


diſtance of their centres from each other; ſo is 
AB the ſemidiameter of the ſhadow-projefting 
ſphere to AR the diſtance of its centre from the 
vertex of the coniform ſhadow. As ſuppoſe, 


for inſtance, SA = 12, AB = 2, and SL = 


5: Then thus SN = 3 ee AR „ 
5 for 3 1 12: 2:8. 


. 305. And thus the nigher the opake when 
comes to the luminous, the ſhorter the ſhadow ; 


But the farther diſtant the opake ſphere from 


the luminous, the longer the ſhadow. es a 


SA = 24; then AR = 16, For, 3:24: 


1.16. 


S. 306. Round ah true ſhadow 2 a 


mixture of light and ſhadow may ariſe. This 


is called the penumbra, or bailf-fbadow. As, from 


the luminous ſphere, for inſtance, the ray LT V, 
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fig- 4. Plate VI. paſſes from the point L along 8 
the ſurface of the opake ſphere at T. Between 


the rays OCR and LT V, indeed, a part of the 


luminous body is viſible; but a part, which is 


covered by a portion of the opake body, invi- 


ſible. On account of the covered and inviſible 
part there is a ſhadow in the ſpace between both 


the ſaid rays. On the contrary, it is mixed with 


the light, which comes from the viſible part. 


In like manner there is light and ſhadow mixed 
together in the ſpace between the rays OXZ 


bs 


and LBR, This half-ſhadow, or penumbra 


has alſo the form of a cone. But its vertex is 


in D between the luminous and opake ſpheres, 


and its baſe behind the dark part of this laſt. 


But as the cone TDX is fully enlightened; 


the penumbra exhibits n a curtated cone 
Fan 


$. ys O ſound ariſes otherwiſe than by 
the ſtroke, which an elaſtick body = 

| 3 ae a reſiſting body, or receives from 
another. For, in order to excite ſound, either 
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1 


one ſolid muſt move againſt another, as a ham- 
mer againſt a bell; or, a ſolid againſt a fluid, as 
a ſtone againſt water; or a fluid againſt a ſolid, 
as the wind againſt a tree; or one fluid againſt 
another, as a flaſh of water againſt another flaſh; 
and by the motion act thereon, and thus ſtrike, 


: $. 11. But the more elaſtick theſe bodies, the 
more adapted they are to excite ſound, _ 


$. 308. If elaſtick bodies mutually ſtrike, they 


come to have a quivering or tremulous motion. 


A body has this tremor, when its parts ſtrike 

againſt each other, and vibrate. This vibration 
of the parts is to be diſtinguiſhed from that of 
the body, which the parts conſtitute. The body 
vibrates, when all its parts move ſo quick, as 
fcarce to be diſtinguiſhable by the eye, F. 214. 


Bur if the parts of a body vibrate, they indeed 


come alike into motion, each alſo moves to and 
fro; but one ever to a different part from the 
other. And this happens even in the colliſion of 
elaſtick bodies. For, by the ſtroke, which an 


elaſtick body either gives or receives, its parts on 


the fide, on which the ſtroke happens, are com- 
preſſed; but again expanded, ſoſoon as the ſtroke 
remits, F. 51. The compreſſed parts become 
indeed rarer, but broader and longer; as the 
inſtance of a blown bladder ſhews, on preſſing 
thereon with the flat hand: And neither breadth 
nor length can encreaſe, as * the * 
* 
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parts ſnould not in like manner be compreſſed. 


Both happens towards different parts. And 
thus the ſingle parts come into motion towards 


different points. On the remiſſion of the ſtroke, 
the parts compreſſed thereby, ſpring back by 
virtue of their elaſticity. And this is done even 


by the parts, which moved towards different 


points from what the compreſſed parts did. 


And thus alſo the reſilition happens from diffe- 
rent points. As the ſtroke acts with a certain 
degree of velocity, and the elaſtick parts are 


uncommonly ſmall they muſt neceſſarily fall 


into a vibratory motion. For, they move not 


only towards and from different points, but alſo, 


on account of their ſmallneſs, through unob- 
ſervably ſmall ſpaces. In both theſe properties 
the vibration of the parts of a body conſiſts. 
And therefore if an elaſtick body ſtrikes either 
againſt an obſtacle, or be it ſtruck on by a 


body, it will every time be put into a tremor. 


S. 309. So that no ſound can ariſe in a body 
otherwiſe than by its quivering or tremulous 
motion. In ringing bells and ſounding ſtrings, 
their n g or tremor is. manifeſt to the 


touch. 


metal yeſſel, yet it may {till be heard. 


F. 310. The 3 motion, tha: gives 


riſe to ſound, paſſes through ſolid and opake 


bodies. Be a larum ſhut up ever ſo cloſe in a 


9.311. 


Xs 


348 


of FLUID BODIES. 


$. 311. But in order to become audible, the 
quivering, whereby it is excited, muſt be con- 


yeyed to the ear through the air. For, if a la- 


rum be ſet looſe in vacuo, no ſound can be per- 1 


ceived. On the contrary, the denſer the air 
about the larum, the louder its ſound. 
$. 312. For the air to convey the tremor of a 


body to the ear, the air itſelf, interpoſed between 
the ear and body, muſt quiver, or be put into a 
tremulous motion. For, ſhould this air remain 


unſhaken, the vibrating parts of the tremulous 


body muſt either ſo part aſunder, as to reach the 
organ of hearing, or only compreſs, and pro- 
pel the air between the body and ear, without 
the ſingle parts therein being put into a vibra- 
tion. The firſt is inconſiſtent with the coheſion 
of the parts of a body: And a bell with the firſt 
found muſt be reſolved, and diffipated in air. 


Happened- the ſecond, we would perceive no- 
thing more than either a preſſure of the air, or a 


wind in the ear. But in the ringing of bells we 
perceive neither preſſure. nor wind, whether 
heard in a room, or on a free open place. If a 
wind is raiſed at the ſame time with the ſound, 
it ariſes from other cauſes than the quivering of 


the body. And we perceive the ſound, without 
any neceflity of perceiving the wind, ariſen at 


| the ſame time with it. That the quivering, || 
which begins the ſound of a body, is excited in 


+] the 
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the contiguous air, may appear from a ſimple 


experiment: If of two uniſon ſtrings, diſtant a 


few feet aſunder, one be ſtruck on, or pulled, | 


the other ſounds along with it. 

F. 313. And thus without the air's quivering, 
or tremulous motion, no ſound is perceivable. 
Sound therefore always conſiſts in a quivering 


or tremor of the air. And alſo in what are 


called water and glaſs hammers, in which water 
along with rarified air is included, ſound ariſes, 
as the air, by means of the water, is quickly 

compreſſed in oppoſite directions: As Mr. Eber- 
| bard explains this in the appendix to his reflec- 
tions on ſome points in natural philoſophy. 


9. 314. And thus the intenſer the tremor of 


the air, or the greater the quantity of air, put 
into a tremor, the intenſe i is the ſound. If, for 
inſtance, over one aperture of a hollow cylinder 
of metal a dried bladder is ſtretched; it will 


burſt with a loud crack by the preſſure of the 
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air, on the cylinder with the other aperture 


ſtanding on the plate of the air-pump, and be- 


ing exhauſted of air. The cauſe of the crack is 
the tremulous motion, which ariſes. in the air; - 


when, on the burſting of the bladder, ir paſſes 


into the empty ſpace on the diſh of the air- pump 
and to the internal ſurface of the cylinder. But 


the purer the air is exhauſted, and the wider and 
taller the cylinder, the ub is the crack. For, 


then, 
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then, a greater quantity of air is put into a tre- 
mor. In like manner the tremulous motion of 
the air produces a crack, when an exhauſted 


glaſs globe is thrown againſt a wall. The big - 


ger the globe, the ſtronger it cracks in breaking. 


F. 315. In the air a tremor, and conſequently 


a crack may ariſe, without the ſtroke or percuſ- 


ſion of a ſolid, elaſtick and viſible body. A 
ſubtle matter, which may be inviſible, need only 
collect in the air to one place with the force to 
expel the air out of it, and with a great degree 
of quickneſs diffuſe itſelf at once, and hereby 8 


exhauſt or empty the occupied ſpace. For, ſo 


ſoon as this ſpace is exhauſted; the air, by virtue 
of its elaſticity, 5. 114. forces in on all ſides to 
it. And thus the parts of the air with great 


velocity ftrike from all ſides againſt each other. 


And thus a violent tremor ariſes. Electricity 


_ affords an inſtance to this purpoſe. You fill a 


glaſs globe with water, or with filings of metal, 
and ſet it in a metal veſſel, that with its rim 
goes ſomething over half the ſphere, and there 
ſtands a little way from its ſurface. On and 


over this globe let an electrick ſpark and flaſh 
be produced in the manner, which in 1746 in 


the treatiſe on the intenſity of the electrical force 
of water in glaſs veſſels 1 deſcribed 5. 4. and 


exhibited Plate IX. So ſoon as the ſpark burſts: 
forth, a ſnap ariſes, which comes near to the 


report 
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report of a piſtol in intenſeneſs. This ſpark is 


produced, ſo the electrical matter forces into 


the ſpace between the electrified body, and the 
unelectrified glaſs globe, and expels the air out 
of it, and at laſt inſtantly quits it. Into this 
_ exhauſted ſpace the air directly moves from 
every fide, and is put into a tremor by the 
ſhock, with which the oppoſite moving parts 


act on each other. This tremor is encreaſed, ſo 


the disjoining electrical matter ſtrikes againſt 
the contiguous particles of the air. 
F. 316. Sound propagates itſelf from the place 


of the body, where it is excited by its tremor, 


in a free ſpace, in the manner the rays of light 
do, Plate II. fig. 9, 15. in diverging lines: 
For, if a bell is ſtruck; its ſound is heatd all 
around, fo far as it extends. 


F. 317. In a free ſpace therefore the intenſity 
of the ſound decreaſes, as the ſquare of the diſ- 


tance encreaſes. This may be ſhewn in the ſame 
manner, as was ſhewn, F. 145. of light; viz. 

that its intenſeneſs decreaſes in the ſaid ratio. 
If the place D, in which ſound ariſes in a body, 
be conſidered as a point in regard to the aper- 
ture of the car, the diverging lines DEA, 


DFB, DGC, in which ſound is propagated, 5 


exhibits a cone. Were therefore the diameter 


of the aperture of the ear equal to the diameter 


EF, fig. 16. Plate II. in the cone DEF; the 
ear 
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ear at G would receive four times as intenſe a 
ſound, as at C, were C twice as diſtant from D, 
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as G is from D. = 5 

$. 318. If the lines, in which ſound is propa- 
gated from a number of bodies ſounding at once, 
interſe& each other in the ear, how they will; 
yet we can diſtinguiſh: the ſound of each ſeveral 
body from the ſound of the others, ſo the in- 


tenſeneſs of the one ſound render undiſtinguiſh- 8 


able, or drown. not, the weaker; or the ſmall in- 


termediate ſpace between bodies ſounding at once 


cauſes no confuſion of the ſound. The aper- 
rure of the ear is in this caſe, where a number 
of bodies ſounding together are without it, to be 
conſidered as a point in reſpect to the ſurface, 
in which they have their places. Now ſo the 
diverging lines, along which ſound takes its 
courſe, interſect in the ear; they will again di- 
verge behind this point, and ſtrike the internal 
ſurface of the ear in different points. So that 


every ſound is perceived in a peculiar point, 


from which to the point, where it took its riſe, 
a right line may be drawn. Now if the places 
of the ſonorous bodies be ſo near each other, 


that the lines drawn from them to the aperture 


of the ear, mutually touch on its internal ſur- 


face; the ſtrokes and pulſes of theſe prove as 


little diſtinguiſhable from each other, as the 
pulſes of light, which mix with each other in 
— „„ the 
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the eye, when the intermediate ſpace of two lu- 
minous bodies is obſervable under: an e 
ſmall angle. | 


$. 319. Sound pape iel far more 


| Nowly than light, or the effect of a luminous 
body. And thus we obſerve the flaſh of a cannon 
before we hear its report. Attempts have been 
made to diſcover the velocity of ſound, or the 
ſpace ſound paſſes over in a ſecond: But it has 
been found, to be greater at one time than 


another. In Haß ſound runs over 1185 Paris 
feet in a ſecond; in France 1172; in England © 


, 10723 In America at Cayenne 1098, and at the 
town of Quito 1050. And tho' we aſſume the 


greateſt of theſe numbers, yet the velocity of 


ſound to that of light, whoſe effect paſſes in a 


' ſecond through 45 ſemidiameters of the earth, 


= §. 207. 293. is conſiderably ſmall. How by 


means of ſound to meaſure the diſtance of a : 
place, M. Melderkreutz ſhews in the . 2, | 


T. 3. p. 82. 


F. 320. A ſound is called a tone, on ende 


ing at the ſame time another ſound, and com- 


paring together in both the velocities of the vi- 


bration in the parts of the tremulous air. Theſe 


velocities are eſtimated by the velocities of the 


vibration of two ſtretched ſtrings. If the one 
vibrates quicker or oftener in a limited time, and 


the other ſlower, or ſeldomer in the ſame time; 


Vor. J. 5A 4 the 


353 


354 
the tone of that vibrating quicker is called 


ſtrung equally tight, and are equally thick, and 
A ſhorter than B; the ſhorter A vibrates quick- 


"of & 
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bizh; and of the other vibrating ſlower, deep or 


low. In the velocity, with which two ſtrings 
. vibrate, we are to conſider their length, tenſion, 


and thickneſs. If two ſtrings A and B are 


er, and thus gives a higher tone than B. If two 
ſtrings A and B are ftrung equally tight, and 


are equally long, and A the more ſlender than 
B; the more ae vibrates quicker, and con- 


ſequently gives a higher tone, than the thicker 


B. For, the thicker a body, the more it reſiſts 
the motion from the quantity of its matter. If 


two ſtrings A and B are equally long, and 
equally thick, and A tighter ſtrung than B; the 


tighter ſtring A yields a higher tone than the 
ſlacker ſtring B. What has been ſaid of the 
ſtrings, may be properly applied to other elaſ- 


tick bodies, on conſidering each of them, as 
conſiſting of pure ſtretched ſtrings. 
$. 321. Hitherto we have conſidered ſound, 


in ſo far as it is propagated ſtraight onwards, 
proceeding from the place of its riſe in diverging 
lines, F. 316, But if the parts of the tremulous 
air ſtrike on a fixed and immoveable matter, they 


excite by their reſilition, $. 78. 114. a ee, 


and echoed Jos: 


5 322. 
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conveyed with unchanged intenſity to a diſtant 
place, again heightened, and again weakened. 
At a diſtant place it may be perceived unchang- 


ed, on taking its way through a. cloſe confined 
paſſage, both whoſe apertures are equally wide, 


its ſides ſmooth, and its cavity of ſuch elaſticity 
and form, as to allow the tremor of the air to 


force with equal intenſeneſs to the other aper- 
ture. If ſuch a cloſe paſſage is internally ſo * 
wide throughout, as it is at both the apertures; 
the tremors of the air are not weakened by a diſ- 


ſipation either in its internal compaſs, or at the 


exit, where you incline to perceive the ſound. 
If, indeed, the cavity of the paſſage is internally 


wider than at both the apertures, but having an 


elliptick figure, by which the tremors of the 


particles of the air at firſt diſſipated, are again 


collected, and at the exit brought into fo narrow 


a ſpace, as is that at the entrance where the 
ſound was excited; it can in like manner be no 
weaker at the outlet than it was at the inlet. 
Echoing vaults are an inſtance. And as an in- 
ſtance of equally wide paſſages, through which 
ſound takes its courſe unimpaired, K3rcher ad- 
duces the Roman aqueducts, between 500 and 
600 feet long; where one may hear at one end, 
what another ſpeaks at the other. 


Aa 2 Sound 
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Sound is weakened by the reflection, when 
the matters, from which it is to reflect, are little | 
elaſtick; as we obſerve in rooms and buildings, 
where either the walls are hung with ſoft tapeſ- 
try, or a great number of men is preſent, 
Sound is heightened by the reflection, when 
the tremors of the air are thereby either multi- 
plied, or conveyed out of a wider into a nar- 
rower ſpace. The firſt happens in ſpeaking- 
. trumpets, the other in acouſtick tubes. But in 
general the heightening, which a ſound acquires 
by the reflection, whether happening in rooms, 
or inſtruments, is called the Reſonance. . 
$. 323. If a body, that reflects the ſound, is 
ſo diſtant, that the reflected ſound may be per- 
ceived at the place, where the original is per- 
ceived, on the ſenſation of the original having 
ceaſed; this reflected ſound is called the Echo. 
$. 324. One ſound may be very plainly diſ- 
tinguiſhed from another, if from the beginning 
of the one to the beginning of the other a ſecond 
intervenes. If therefore a ſpeaking perſon is 536 
Paris feet diſtant from the place, that reflects 
the received ſound; he may by the echo or re- 
flection hear each ſeveral ſound in particular, on 
intermitting for a ſecond every time to begin 
the following. For, as a ſound in a ſecond paſſes 
over 1072 feet, $, 319. a ſingle ſound comes 
from the place of its riſe 1 in half a ſecond to the 


reflect- 
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reflecting place, ſo the diſtance between bot 
places amount to 536 feet; and back again in 
half a ſecond from the reflecting place to the 
fl.” „ 

$. 325. If therefore a word, that conſiſts of a 
number of ſingle ſounds or ſyllables, is pro- 
nounced ſo quick, that the ſingle ſounds ſucceed 
each other in a ſhorter time than in a ſecond; 
and you wait a fecond after ending the word, 
before you begin the following; the echo gives- 
the laft ſyllable only of the finiſhed word to be 
perceived. And if one pronounces a number of 
words ſo quick upon each other, that the time 
between two is ſhorter than a ſecond; the ear by 

the echo perceives the laſt ſyllable only of = | 


laſt word. 

8 §. 326. A muſital- ear takes, to diſtinguiſh 

| ſuch tones, as follow on each other, a much 
{ 8 ſhorter time than a ſecond. And fo an expert 
8 violiniſt may in a ſecond produce and diſtinguiſh 
: nine tones one after another on the violin. 
5 Such a perſon may thus obſerve an echo, when 
ts ſo diſtant only from the reflecting place, that ; 
55 the original ſound takes 3 of a ſecond only, to 
* move thither and back again. The diſtance 
1 between the reflecting place, and the place of 
es the original ſound would amount to about ſixty 
my feet. For e 1072 makes 119. So far would 
> the ſound in 2 ; ſecond be propagated from the 
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place of its riſe. And therefore in order to hear 


the echo again at the place of its riſe in + ſe- 


cond; the reflecting place, which gives the echo» 
need be diſtant from the place of its riſe about 
ſixty feet only, as the half of 119. 

F. 327. So many times ſixty feet ne as 
the diſtance from the ſpeaking to the reflecting 


place amounts to, ſo many ſingle tones one after 
another would the echo bring back in a ſecond. 
Such an echo is called poly/ylabical. If it returns 
one and the ſame ſound a number of times, it is 
called polyphonous. This laſt ariſes, when many 
reflecting bodies are by or above each other at 
different diſtances from the place of the original 


ſound. Gaſſendi in his remarks on Diogenes La- 


ertius, Book X. N N heard the 


verſe, ; | 
Arma virumque cano, 2 rojæ qui primus ab orig. 


reflected eight times at the monument of the 
Metelli not far from Rome. Extraordinary ef- 
feects of an echo are deſcribed in the memoirs of 
the academy of ſciences for the you 1692, p. 94> 


95: 9, 


1 1 


. .. wry nt De” Vega 


/ Sd hendt 


F: * 


'® N D E X 


To the FIRST VOLUME. 


A 


A. 


© TI ON, what, pa page 4+ Whence nen 28. 


Ratio of, | ib. 
Acolipila, what, Tore 197- 
Aether, what, 265. Its rarity, 270. 


Air, what, 116. Heavy, 122. Elaſtick, ib. Weight 
_ of, 125. Elaſticity of, 1 28. Preſſure.every way, 131. 
How eſtimated in cloſe veſſels, 132. Magnitude of, 
on different circular ſurfaces, 135. Degree of heat 
how meaſured, 138. Air, under denſer, upper rarer, 
124, ſeq. Weight of a cubick foot, ib. Expanded 
and rarified by fire, 138. Forces water by its elaſti- 
City, 1 30. Air, by what means compreſſed, 123. 
Inſinuating into water, freed of air, 195. Air ſuſ- 
ceptible of a tremulous motion, 348. When hap- 
pening, 350, ſeq. Air in water, 12093, ſeq 
Air-column, weight of, ee ha. f 7 ; 
Air-pump, 116. Structure and kinds of, ib. ſeqq. 
Amber, its electricity, 284. Shines and attraQts, ib. 


Anamorphoſis, 2᷑409, ſeq. 
Areometer, what, | 54+ 
Aſhes, what, y 1387. 


Attraction, what, 43. Phyſical, and mathematical, 4.3, 
ſeq. Attraction of the rays of light, 241. Produces 


an aſcent in vacuo, 130. 
Aurum fulminans, reſolved by an electrical flaſh, 292. 
Axis, what, 29. Of the ellipſis, 100. Of a con- 


cave ſpeculum, 222. Of refraction, 230. Of inci- | 
dence, ib. on the ns, | 172. 


; B. s 5 
Bazometer, what, | | - 12 25. 


Body, how known to us, I. Whence i its — ariſe, 3. 
Aa 4 e 


c 
Whence its effects ariſe, -28. Coheſion of its 
parts, 4, 37, ſeq, In all there is fire, 185, Its re- 
iſtance, 4. Origin of its motion, ib: Its motion in 
the diagonal], 7, ſeq. Its velocity, 5, ſeq. When 
aſcending in a fluid, 67. Bodies light and heavy fall 
equally quick in vacuo, 27. - Specifically lighter, 
what, 44. Luminous, what, 270. Their parts vi- 
brate unequally, | | 278, 
Burning-glaſs, what, 236. Cannot be flat on both 
ſiqdes, 238. Burning-mirrour, what, 225. Its in- 
tenſeneſs in burning, 225, ſeq. Archiniedess, 228. 
Inlightening diſtant objects, £2 IA BG DS. 7 
Calcination, what, 187. . O 
Capillary tubes, what, 
Catadioptrick machines, what, Tf „ . 
Cathetus of incidence, what, 245. Of obliquation, 


quickſilver, 282. 


Celerity, ſee velocity. „ 
Central force, 82. Its quantity, 103. In a circular 
_ circumference equally intenſe, 100. 
„ gravity. ht I. 
Centrifugal. force, 82, Ariſes by turning round, 84. 
Its intenſeneſs, 85, 88. Centrifugal forces, equality 
of, 89. Ratio of, Rey : 5, ſeq. 
Centripetal force, what, 82. By what weakened, 85. 
Equal to the gravity, e 6 24009. 
Circle, circumference of, when deſcribed by motion, 99. 
Coheſion of bodics, 37. Species of, 42. 
Cold, what, 137. Greateſt degree of, in different parts 
of the earth's ſurface, 179, ſeqq - How diſcovered 
with accuracy, 183, Greateſt degree of that of wa- 
cer, ; „„ . 
Colours of light, 274. Their ratio, 279. Cones. 
274. Difference, whence, 275. True origin, 278. 
What they are, ib. Mixt, 279, 336, ſeq. Simple 
and compound, 336, ſeq. Colours on the ſurfaces 
of bodies explained, ib. Whence their ſpecies on 
the ſurfaces of bodies ariſe, 337, ſeq. Why not diſ- 
tinctly explicable, ib. When attainable, 3 30, ſeq. 
Colours on a body twofold, 340, ſeq. Degree of 
intenſeneſs, 5 2340. 


Com- 


f 


221. 


IN DE, 
Compaſs at 324. nne, A134. 
| 2. 
DaQyli, why they ſhine, 2: 090. 
uity, what, 36. Of two Auids, 53, ſeq. Of the 


rays of light in the focus, 225, ſeq- . Of light, how 
decreaſing and encreaſing, 216, ſeq. 


Diagonal line, through which a body moves, 7, ſeq.. 


Diameter of a ſphere, what, 92. Of a concave ſpe- 
culum, 


| 222. 
DiffraQtion of the rays, 240. 
Direct ftroke, what, | | 43- 
Direction, angle of, 8 — 8 — 72 
Divergent he what, 27125. 


Echo, what, 356. At what diſtance — 355. : 
ſeq. The ſeveral ſpecies of, | 


Elaſticity, ſigns of, 69. Reaction of, ib. Of = 
198. Ratio in different ſpaces, 72. 
Elaſtick, what, 37. Perfectly elaſtick, what; 74. 

Properties of elaſtick bodies, 68, ſeqq. The mutual 
ratio of their ſpaces, 70. When e of com- 
preſſion, ib. 
Electrical matter, properties of, 292, ſeq. Spark, 289. 

How generated, 302, ſeq. Kindles ſpirit of wine, 
and the glowing wick of a candle, 289, ſeq. Seeds 

of Lycop um, 291. Reſolves aurum fulminins, 


2091, ſeq. 


Electrical i of itſelf, what, 28 5. Nature of its 
matter, e 298, ſeq. 
Electrical rays, 23230, 303. 
Electrical light, how ariſing, 302, ſeq. 
Elericity, what, 1e Its pr nts 285. Intenſeneſs, 
5 290, ſeq. 
Flectufßed! bodies, 284, 298. 


Ellipſis, generation of, 100. 
Elliptical figure of the ſun accounted for, 253, ſeq, 


Evaporation, what, 188, Of i Ice, 200, 
Exhalation, what, 4 
Experience, what, 2. Experiment, what, ib. 


Eye, Why a coloured circle ariſes therein on rubbing | 
| F 339. 
15 F all of bodies, height of in * firſt ſecond, 25, ſeq. 


277 leq. 
Fi He, 


Its * 


In vacuo, 


ND EX.” 

Fire, what, 137. In all bodies, 18 5. Acts ſtronger 
in one body than in another, 191. How excited, 

185, ſe "Fuel of, 187. Light whether a fire, 

272. Par _ ge WROTE fire makes bodies 
heavier, | Ki Gas ſeq. 
Fire-gage, | 183. 


Fiſh under water appear to 5 nearer has they are, 
243. Objects in the air appear more diſtant from 
them, 42144. 

Flame, "what, 186. How Tui; 270, ſeq. Ex- 


tinguiſhed, without air, 187. Rendred pointed by 
the air, * . 


Fluid, what, 30. 
Fluids, ropineſs of, 130. e of, 45. Force of, 
in the preſſure, 49. Height of two fluids of the 
ſame ſpecifick gravity in two tubes, 479. When of 
unequal Pecifick gravity, 50. Velocity of, in two 
tubes, 46, ſeq. Aſcend at ſolids, 39. Turn heavier 
by immerſed bodies, g, ſeqq. 
Fluidity of water, cauſe of, 196. Of mercury conti- | 
nues in the cold, 281. Ceaſes in the fire, 282. 
Reaſon of, 282, ſeq. 
Focus in the ellipſis, 100. Imaginary or virtual in a 
concave lens, 261. In a concave ſpeculum, 225. 
Its diſtance, 227, ſeq. Its intenſeneſs, ib. In a 
burning-glaſs, 230, ſeq. Whence the intenſeneſs of 
the focus ariſes, . 
Force, what, {: How known, 28, ſeq. Of a prefling 
fluid how eſtimated, 49, Force, when weakened, 7. 
Living, dead, 7. Force of inertia, what, 6. Con- 
ſpiring forces, 7. Form a compound motion, 8. 
Central forces, what, 82. Living forces, their ratio, 
29. Meaſure of, 29, ſeq. Are the forces of moving 


2 bodies, ung TS; 
: 5 G. | | 
| dns: what, a 58 
Glaſs, plain on both ſides, burns not, | 238. 
Glowing, what, 186. Glowing body how it tine, | 
271. Without air ceaſes to ſhine, EN 
Gold melted, how granulated in water, 213. Te 
| diſcover the _ of J, ſeq, 


ravity, 5 


EV 

Gravity, what, 11. Centre of, ib. Specifick, what, 
Gunpowder uninflammable in vacuo, : 187, 28. 
Hard, what, Er i rr Os 
Heat, what, 137. How ariſing in bodies, 189, ſeq. 
Decreaſe of, ib. Communication of, 189. Encreaſe 


of, 189, ſeq. Meaſure of, 138, ſeq. 


Hiſtory natural, what, | Le lk 
5 | 85 | | 
Ice, what, 199. Occupies a greater ſpace than water, 
| ib. How rot that ſpace, ib. The reafon thereof, 
205, ſeq. Evaporates, 200. Its melting accelerated 
by ſalts, 200. Why ice turns colder by ſalts, 210. 
Image of an object below the horizon; 244. Lowered 
fracted rays, 253. Bigger behind a concave ſpecu- 
lum, 251. Smaller in a convex, TIT; In a cylin- 
drical ſpeculum, long and flender, 248, ſe 


how rectified, ib. Image between the centre and 


ſurface of the concave ſpeculum reverſed, 252. 
Incidence, angle of, what, 79. In elaſtick bodies, 8o, 
ſeq. In light, . 
Incineration, what, „„ 187. 
Inertia, what, bore CT 6. 
Inflection of the rays, what, _ 240. 
Inviſible, what bodies are, | 334, ſeq. 


Iron is magnetical, 306, and how, 329, ſeq. Turned 
hard after ſmelting occupies a greater ſpace, 201. 
Smelted iron, its dangerous effects in cold water, 


213. 
Ivory, how ſoftened, | "2090. > 
Lead, when ſmelting in water, 196. Smelted, cauſes 
a violent motion in water, 213. 
Lead-bullet ſhot into water is flatted, _ 205. 


Leaver, what, 11. Rectilinear and curvilinear, ib. 
Homodromous and heterodromous ib. 
Lens, what, 233. Size of, ib. Convex and . 


by the refraction, 245. When magnified 1 W 
P 


q. Slender 
and pointed in a conical, ib. Deformed images, 


wy 
"i: ; 


. IN D 8 
Axis of, ib. Centre of, ib. Perpendicular to, 233, 
Te ſeq. 


Light, what, 215. Its force at different diſtances, 219. 
Its denſity, how decreaſing and encreaſing, 216, ſeq. 


ag + 263. Newton's opinion about light, 263, 
ſeq. Cartes opinion, 266. Enler's opinion, '265. 


267. How light acts, 268. Is the æther, 265. 
Why appearing to be a fire, | 1. 
Lightening, the effect of, on magnetick needles, 331. 
Light-pulſes, what, 268. In each colour, 278. 
Machines for heightening the forces, 10. The ſive 
ſimple, 14, ſeqq. Save not time, 24. Compreſſing 
machine, 123. Anamorphotick machine, 248, ſeq. 
Catadioptrick machines, ” 263. 
Magnet, what, 305. Poles, equator, meridian 
axis of, ib. Armature of, 306. Jarring and con- 
trary poles of, 312. Agreeing and friendly, 313. 
Phenomena of, 307. atter of, 307, ſeqq. Phe- 
nomena accounted for, 314, ſeqq. Magnet ſimple, 
compound or anomalous, 319. Artificial, how made, 


| | 306, 330. 
Magnetick meatus, 314. Matter, 307, ſeqq. 314, ſeq. 
Needle, 306. Declination and inclination of, 321. 
ſeqq. By lightening gains a different direction, 331. 
Magnetick poles in the earth, 316, ſeq. 321, ſeq. 
Magnetick needle, declination of accounted for, 324. 
Inclination accounted for, N 33. 
Magnitude apparent and real, what, 246. Under dif- 
ferent circumſtances, 252, ſeqq. 
Maſs, what, 28 


Mercury, what, 280. Virgin, ib. Specifick gravity 
of, ib. Many things not wet by it, ib. Never 
known to have been froze, 281. Reſolves into fume, 
ib. Calcination of, 282. 
Metals examined hydroſtatically, 55ſeq. 
Mirrour, V. — . 
Motion, cauſe of, 4. Simple and compound, 7. Ariſing 
from two conſpiring forces, 7, ſeq. Rectilinear and 
curvilinear, 10. Uniformly accelerated, 25. Com- 


pound rectilinear, how produced, 94. Of a body in 


and 


Radius vector, what, 


1 n | 
a circle uniform, 100. In an ellipſis variable, id. 


Where quickeſt and floweſt, 101. Motion of vibra- 
tion, | 33 


8 


Natural hiſtory, what, 2. Philoſophy, what, 1. Principal 
on thereof, 3. Dogmatical and experimental, ib. 


78. 


O. 
Oblique firoke, what, 73. When leſs than the dire&, 
Oſcillation, what, Os 
FL” 


Pendulum, what, 32. Swings of, ib. On hh its 


velocity depends, 33, ſeq. Signs of the changed 
weight of, 


UE 
Penumbra, what, 0 344. 
Phlogiſton, what, | 180. 


Phyſicks, Vid. Natural Philoſophy. 
Poles magnetical of the earth, 


JaT. 325. 

Polyedron, what, 262. 
Polyoptron, what, EY 
Pores in ſolid bodies, 499k 
Poroſity of ſolids and Auids, 6; on 
| P Orous, what, 36. 


Power, how heightened by the 8 11. By pulleys, 
wheels, wedge and ſcrew, | 14, ſeqq. 
Priſm, whether producing the different colours, 


274. 
Pulley, what, 14. Combination of pulleys, ib. 
Pulſe, what, Pun 
Pyrometer, what, | 182. 
„„ 
ickfilver, Vide Mercury. 
Kc 


100. 
Rays of light, what, 215. When divergent, ib. When 

appearing parallel, 215. ſeq. The divergent form a 
ſphere or cone, 216, ſeq. The rays of light hinder 
not each other, 219. Their ſubtelcy, ib. Which 
_ brm an inverted image, 220. Reflected and refract- 


ed, when W 225. 236. Become ein by 


* - * 
— * 
1 
* 
* 


| * : 
a convex ſpeculum, 228. And by concave glaffes, 
238, ſeq. How refracted at a curve ſurface, 234. 
Which rays paſs unrefracted through a lens, ib. 
Which form with the perpendicular an oblique angle, 
ib. Which unite with the axis of the lens behind, 
235. When twice refracted in a lens, . 
Rays of light attracted, 241. How ariſing, 2 1. When 
e. a white circle, 274. Different ſpecies of 
rays, 274, ſeq. Their force, 276. Their mixture, 
279. Parallel when uniting in a focus before a hollow 
ſpeculum, 225. Behind a convex glaſs, 234, ſeqq. 
Divergent behind a concave glaſs, 238, ſeq. Remain - 
parallel after going through a plane ſurface, 237. 
Reaction, what, 4. Equal to the action, ib. Of elaſ- 
ticity, 5 | 8 69. 
Red colour, 5 274, 278, 337. 
Reflected rays, which fall on the ſurface of a concave 
ſpeculum, 223. When and where they unite with 
the axis before the ſpeculum, 223, ſeq. Which 
burn, 225. Which burn not, 228, ſeq. Twice 
reflected continue ſtill to burn, 252. Which reflected 


rays proceed parallel, | a = 
Reflecting bodies inviſible, _ 334, ſeq. 
Reflection of the rays, ; 221, ſeqq. 


Refracted rays which burn, 236. In curve ſurfaces, 
234. Proceed in right lines, ib. Which exhibit 
objects ſmaller, 5 5 260, ſeq. 

Refracted angle, 230. How diſcovered, 230, ſeq. 

Refraction of the rays, 229. Axis of, 230. Makes 
objects to appear in a different place, 242. And to be 
higher, ib. And lower, 245. And to appear broken, 
242. Which rays ſuffer the ſtrongeſt, and which 
the weakeſt refraction, 1 Angle of, 230. How 

I 


found, ib. Ratio of inclination, 231, ſeq. 
Reſiſtance, what, | 1 1 
Roughneſs, whence, of | 17 
Rubbing, what, | 18 
1 8. 


Screw, what, 16. Endleſs, what, 1 


Shadow, what, 341. In how far viſible, ib. Pure and 
perfect, what, ib. Conical, 342. Lo find the length 


ot 


7 


MED. CHIR. coc. 
| ABERD:.i.N. 


1 * 


n . N D E K 
of that of a ſphere, 343. To find the diſtance of the 
vertex of the conical ſhadow, © 3343, ſeq. 


Siphon, how water riſes in, and runs out of, 129. 


1 


& 


Which run in vacuo, OS 5 11 
Smoke, what, e 8 186. 
Snow, why white, e 
Soft, what, | 1 37. 
Solar microſcope, | 3 
Solid body, what, e * 


Soul, incorporeal, 5 "Oo: 
Sound, how ariſing, 345, ſeq. When perceivable, 
2349. Conſiſts in a tremor of the air, ib. Species of, 
353, ſeq. Intenſeneſs of, 349. Whence encreaſing 
and decreaſing, 351. Velocity of, 353. Change of 
by reflection, 355. Propagated in diverging lines, 
351. Diſtinguiſhable, though the lines mutually in- 
terſe, 352. When plainly diſtinguiſhable from 
another, 356. In the air, i 
Space, how found, 23. Of falling bodies, 25, ſeq. 
Of aſcending bodies, . 31. 
Sphere, poles of, 92. Diameter of, ib. Axis of, ib. 
Speculum, what, 221. Species and propefties of, 221, 
ſeqq. Concave, breadth of, what, 22 3. How great, 
225, ſeq. Its effect, 223, ſeqq. Convex weakens 
the action of the ſolar rays, 1 
Staticks, what, | . 45, ſeq. 
Sum elliptick form of, 25. Parts of his ſurface highly 
ſubtle, 270. In continual motion, ib. In a vibratory 
motion, ib. Rays of, whether heavy, 273. 


1 


Teleſcopes, how made, 258, ſeq. Aſtronomical, what, 
258, With concave ſpecula, 259. Gregorian and 

- Newtonian, what, ib. The Holland and Galilean, 

261. Which reverſe the object, ib. And which re- 


preſent it in its true poſition, 1 ib. 
Thermometer, what, 139. Several ſorts of, 140, ſeqq. 
Compariſon of their degrees, 172, ſeqq. 
Tone, what, 3 53. High and deep, 354. How many 
diſtinguiſhable in a ſecond, 357. ſeq- 


Tranſparency, what, 333. 
Tranſparent, bodies perfectly ſuch, inviſible, 334. 


Tremor, 
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Wedge, what, 


Wood rotten, why ſhining, 


EE NU EN TT. 
EY, IJ 270. 
Tribometer, what, | 


19. 

Vacuum, flame dies in, 187. Glow of bodies weaken- 

ce d in, ib. No ſparks producible in, ib. Nor gun- 

powder ſet on fire, 188. Fall of bodies in, 27. 

Velocity, what, 5. How found, 24. Of falling bo- 
dies, 25, ſeqq. Of 9 bodies, 31, ſeqq. Of 
a quieſcent body, 46. Of ſſuids in two tubes, 46, 


ſeq. Of weight and power in a leaver, 24. Of 
_ ſound, 


_ 353. 
Vibrations, what, 33. 
Velocity, of, 33, ſeq. 
Vis inertiæ, what, 6 


Viſible, how a body comes to be, 334. Which are, 


335» ſeq. 


Viſion, angle of, what, 246. 


W. e 


Water, what, 193. Pure, ib. Parts of, firm and hard, 


204. Inſinuates into bodies, 211. Whence fluid, 196. 

Why expanded in freezing, 199, 205. Contains air, 
193, ſeq. To what degree it may be heated, 184, ſeq. 

Why damping the force of the fire, 


213. 
Water gm heat of in an open veſſel, 141, ſeq. £ 5 
a cloſe veſſel, | {> oe 


Water-ſteams, how produced, 196, ſeq. Elaſtick, 108. 


How aſcending and floating, 197. Their ſubtelty, ib. 


. 16 
Weight, what, 10. Of a cubick foot of air, 124, Of 
a column of air, 1325. 


Wheel, what, 15. In a combination of wheels, the 


ratio of the power to the weight, 138, ſeq. 
„ 76 9 


Find of the FIR $T VOLUME. 


© | 
Fu" 


6. 


 MED.CHIR.*0C 


- ABERDEEN 


E. 


x7 


_ BE 
A 


— — 


—ͤ —— 


MED. CHIR. so. 
BERT " 


| 


= 80 


ABERDEEN 


* * — 2 * ts 
CO ————————— _ - 
Y * 
N 
: 
. 
* — 
uw oo . 
. * - 
/ . 
. 
- 
Ml 
; 6 
4 
* 
\ 
* 
j 
U 
8 : 
» 
* 
. 
a 
0 
0 
, 
4 
4 
4 
: 3 
. * 
; * 
f -# 
; 
N 
* * 2 23 


ß cfnTſ.zo0 
i\BEKDEEN 


Thanks fe 4 


* 
Da pos 

. 
. * 
Lire 


* 
**. 


e eee 


5 
VVV 


. 

* „ 1 . 

2 * aq 

. . 

.* * 

. . « 
4 a » ©? bY . 
e „e . - 
*. . ® * " 
. — * 
a 

9 


© „„ 
** 
. 

. 
96 0casn's* 

.- * 

. 
—— gs ** 


„ness Sn na 
5 * ds . 
— — „4% „%„%6„„«%'9 294 2 
V = 8 — — 8 4 
> BEGS * EVP %. * 
— - . 4 . 
22 » KS - 4 
X « 8-3 a E e 
— * „ „ o 
Ss hb . „%% 55. 
5 
— 


— © \ « S , 
Mo \ = s 2 * 
rde NN N F 
1 a by : NINO ; 
* 4 N N DONS OG 
* * \ 
» A ; Neersen 1 N N 
1 F k N Wan 
2 bet —— + 2 > * 9 a e n 
1 0 —— e n ed W 
—__ eee 32 6 - * . * N N \\ * W , % 
« CES ON A+ 3 * 
* ws > VEL an * 
REG J ” * 8 J COON 
S@ Ev .- . * ©. % & A Py on ad Ye, aas \ \ WY 
— . ad. a" I * - 
3 ans 885 „V% PERL TRA 4 os 4 4422 NN NISBPS 
* * . 2 A 
#: * e by . ee Fu RN y 1 
F 9 n . 
g WT es * 22＋*＋ ***: „ . . MS 
oF? : 4 Ä << 5 A Aa 
Naar 
EDN 
J W W \ WY 
\ Ws 
W \.\ W 
\ W \\ 
* \ 
3 \ * 
k * N Wen 7 
+, ooo vo k v4 2 BY 
AN Gow obs en n 
«ay — 
— oss 
* 3 =Y 
* = © #00 4. „ „7 1 * 
8 44 
» ———— 2 2 
— *. N — 
. On 2 * 2„„%%% „„ — . 
9 . * = ** 
* by 2.32 Con8 0.5 20 enn „ 
LET TONE Ta : * 
1 10 
, : * I) I 
A bo : 
* 
— 4 
= 
£4 
4 
# 
* £ 
. 4 
* 
Fr * 
«+ 


OY dd 
e 
e 


* 
„ 
ͤ—ͤ⁊dœ w H 2 — 


„ 
. * 
1 * 
16 


7 oO 
dd 
7 


: AHI LE, 2822171 
e 
{2 


5 7 
S * — - 
Hes 231, 


K 
e 


<w o 


ADB_LKRUY 


Scha ft. ſe 


MTD. H. soc 
AB 


AED. oc. 
\BERDEEN 


